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INTRODUCTION 
Many attempts have been made to improve suckling pig 
performance through supplementation of the sow's ration. When 
the ration is adequately fortified with protein, vitamins and 
minerals, feed additives such as antibiotics, fat, and differ­
ent sources of unidentified growth factors have not con­
sistently produced an improvement. 
Observations made by the author in working with large 
numbers of sows and litters would indicate that the first few 
days post-partum are the most critical of the lactation period. 
During these first few days the presence or absence of an ade­
quate supply of milk will greatly affect the baby pig. Young 
nursing baby pigs often become gaunt, gain very little and 
develop a rough hair coat. Some sows with this deficient 
supply of milk, often called agalactia, recover after several 
days, but the pigs frequently are weak and susceptible to 
invading diseases—often resulting in the loss of many of 
these weakened pigs. Many sows fall to recover from this 
condition; consequently the whole litter may be lost. 
Research in other species has indicated that the lacta­
tion process is subject, at least in part, to hormonal con­
trol . Yet, little has been done to study this facet in the 
sow. Why do many sows fail to come into copious milk secre­
tion the first few days following parturition? Why do these 
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same sows, which appear to be cormal, take several days to 
come into milk secretion plentiful enough to support their 
litters? 
During the summer of 1955 the author fed thyroprotein to 
six recently farrowed sows whose pigs appeared to be under­
nourished. Within 24 to 36 hours following the first oral 
dose of thyroprotein (l gram daily) the stomachs of these 
gaunt, rough haired pigs appeared full. Shortly thereafter 
the hair coat of the majority of these pigs became sleek. 
However, one of the six sows failed to respond to tiie treat­
ment to the extent of the other five sows. 
The galactopoietic effect of thyroprotein takes on added 
interest after recent work (Speer, 195?) revealed that absorp­
tion of a labeled antibody from colostrum milk by the baby 
pig Is most efficient during the first few hours after birth. 
Also the absorption of this same antibody by a pig 36 hours 
old is only a small fraction of that of a pig 4 hours old. 
The experimental data contained in this dissertation was 
conducted to evaluate the use of the thyroactive compounds, 
thyroprotein, sodium tetraiodo-L-thyronine (thyroxine) and 
sodium 3, 5, 3 trilodo-L-thyronine (T-3) for lactating sows. 
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REVIEW OF LITERATURE 
Galactopoietic Compounds 
Since the early 1930s the relationship of the thyroid 
gland to milk secretion has been extensively investigated 
especially in the cow, It was shown that thyroidectomy of 
the dairy cow caused a marked depression in milk yield which 
could be corrected by feeding dried thyroid gland (Graham, 
1934a). This led to the observation that the feeding of 
dried thyroid tissue would also increase the secretion of 
milk of cows in the declining period of lactation. Continued 
work led to the discovery that a similar increase In milk 
secretion could be obtained when crystalline thyroxine was 
injected into lactating cows (Graham, 1934b). 
These early investigations led to further interest In 
the use of thyroactive materials for lactating cows (Turner, 
1956). The development of a method to produce thyroactive 
compounds from protein (Ludwlg and Von Mutzenbecher, 1939) led 
to the development of a method for the iodlnation of casein 
under controlled conditions. This product, iodinated casein, 
known as thyroprotein or commercially as Protamone made pos­
sible the world-wide study of the action of the thyroid gland 
upon the lactation process (Turner, 1956). 
Chemical assays of unwashed thyroprotein extract show 
that it contains at least ten iodinated compounds, including 
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iodide, monoiodotyrosine, diiodotyrosine, dilodothyronine, 
tetraiodotyronine (thyroxine) and possibly triiodothyronine 
(Friedberg and Reineke, 1952). 
Most researchers are in general agreement that the feed­
ing of thyroportein or thyroxine to lactating cows will stimu­
late increased milk secretion. The extent of the increase in 
production is probably determined by such factors as (a) the 
age of the female as heifers do not increase in milk yield 
so markedly as mature cows, (b) the dosage of thyroactive 
material and the initial metabolism of the udder, (c) the 
amount of mammary tissue available for stimulation, (d) the 
productivity of the cow, (e) the stage of lactation, (f) the 
breed, (t/ -he level of energy fed or nutrient intake as 
thyroprotein fed cows require extra energy to maintain in­
creased milk secretion and body weight and (h) possibly the 
season of the year as less response has been reported during 
the summer months (Blaxter, 1946; Booth et. al., 1947; Hibbs 
and Krauss, 1947; Reece, 1947; Thomas et^ al, 1949; and Thomas 
et_ al., 1957) . However, It has been reported that the galac-
topoietic nature of thyroprotein is temporary in Ayrshire 
and Red Poll cows as the increase In milk production was not 
maintained over the entire lactation (Aitken et al., 1953). 
Probably one of the more important adverse effects of 
feeding thyroactive compounds to milking cows Is the sharp 
drop in milk production following the withdrawal of the com­
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pound (Swanson, 1957). It has been shown that when cows are 
placed on green pasture after thyroprotein feeding ceased no 
decrease in production occurred (Thomas et al.,, 1954). It 
has been postulated that thyroidal treatment appeared to re­
turn the cow to an earlier stage in lactation and that 
thyroxine may mediate its effect by increasing the secretory 
activity of the cells of the alveoli, or by bringing into 
work alveoli that had been resting (Leech, 1950). 
The feeding of thyroprotein appears to have no effect on 
the general health or fertility of the cow or the incidences 
of mastitis (Leech, 1950; Aitken et al., 1953). However, it 
has been reported that it does increase pulse rate, body 
temperature (Seath et al., 1945) respiration rate, nervous­
ness and digestive disorders such as scouring end symptoms 
suggesting lodism (Blaxter, 1946). A high incidence of scour­
ing might lead to less efficient milk production but this has 
not been true as no difference in efficiency of production has 
been observed (Thomas et al., 1949; Thomas et al., 1954). 
Furthermore, digestion studies indicate that the administra­
tion of thyroxine to cows on an ample diet of hay and con­
centrates caused no significant changes in the digestibility 
of the dry matter, crude protein, ether-extractable substances, 
crude fiber or nitrogen-free extract; the feces were more 
moist, but there was no change in rate of passage of food 
through the digestive tract (Balch et al., 1952). 
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There is some indication that hyperthyroidism in the cow 
increases the retention of phosphorus and decreases the cal­
cium retention, but the calcium deficiency can be corrected 
by a higher dietary level of calcium (Owen, 1948). Further­
more, it appears that hyperthyroidism Increases the require­
ment for vitamin A in the cat and the rat, for vitamin C in 
the guinea pig and the rabbit, for thiamin in the dog and the 
rat, for pantothenic acid and pyridoxine in the rat, but prob­
ably not riboflavin in the rat and the guinea pig (Drill, 
1943). 
Several researchers have reported more rapid gains in 
body weight after thyroprotein feeding ceased than in control 
cows (Swanson, 1954; Thomas et al., 1957). These gains were 
accompanied by increases in paunch girth large enough to 
account for nearly all of the weight Increase as gastroin­
testinal fill. Furthermore, the total body water contents 
during and after treatment were essentially the same in the 
control and treated groups, indicating very minor changes in 
water balance due to thyroactive compound feeding. A logical 
explanation for this condition would be that the feeding of 
a thyroactive compound causes stimulation of the gastroin­
testinal tract, resulting in smaller capacity (Swanson, 1954); 
however, this would not be in accord with earlier observations 
indicating that there was no difference in rate of food pas­
sage. 
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The hormone (thyroxine) production by the thyroid gland 
decreases as the animal grows older; thus the feeding of 
thyroprotein where thyroxine is the limiting factor will keep 
animals in peak milk production for many years (Turner, 1957). 
This stimulation does not appear to shorten the productive 
life of dairy cows (Leech and Bailey, 1953; Swanson, 1957). 
On the contrary* the evidence suggests that the feeding of 
thyroprotein will help increase the production of the cow and 
improve the reproductive record (Turner, 1957). But it is not 
possible to make a good cow from a poor cow by the adminis­
tration of thyroprotein (Thomas et al., 1949). 
Since thyroxine has been shown to stimulate respiration 
rate, pulse rate etc. It would be of special interest to know 
if thyroxine is secreted In the milk of lactating animals fed 
thyroactive compounds. Experiments with guinea pigs and goats 
(Reineke and Turner, 1944), fed milk from cows receiving mas­
sive doses of thyroprotein, showed no increase in metabolism. 
Similar work showed no elevation in basal metabolism, pulse 
rate or blood pressure in normal healthy human adults after 
ingestion of 1 quart of milk daily for 30 days from cows fed 
thyroprotein (Robertson, 1945). Furthermore, a chromato­
graphic radioautographic technique failed to detect the 
presence of any iodine compounds other than iodide in milk of 
goats treated with labeled iodocasein (thyroprotein) or sodium 
iodide (Wright et al., 1955). 
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Although thyroxine is not secreted into the milk in 
detectable quantities, the level of iodine in milk can be in­
creased by a dietary source of iodine (Wright et. al., 1955; 
Lengemann and Swanson, 1957). Furthermore, it appears that 
as the season advances from late winter to early summer, in­
creased blood and milk levels occur in the metabolism of 
iodine by the dairy cow (Lengeman et al., 1957). 
Components of the milk solids may be affected by the 
feeding of a galactopoietic thyroactive compound but the re­
sults reported by different investigators are not in complete 
agreement. Niacin is reported to be significantly increased 
(Kemmerer et^ al., 1946; Booth et al., 1947) . Carotene is re­
ported to be increased and Vitamin A decreased (Hibbs and 
Krauss, 1947). The status of ascorbic acid, riboflavin and 
thiamin is confused as investigators report different trends 
(Van Landingham et al., 1944; Kemmerer e_t al., 1946; Booth et 
al., 1947; Thompson and Kon, 1949). It is reported that 
there is no change in the content of milk albumin and globu­
lin (Booth et al», 1947) as well as an increase in their con­
tent (Archibald, 1945). The status of the milk fat falls 
into this same confused picture as some investigators report 
no change and others report a slight increase (Ralston ert al.. 
1940; Smith and Dastur, 1940; Owen, 1948; Swanson, 1949; Leech, 
1950). The reason for the above observed variation may be due 
to breed and individual cow variation (Archibald, 1945). 
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Other components such as phosphorus may be increased (Owen, 
1948) while calcium, sodium, potassium, magnesium protein, and 
creatine were not demonstrably affected by thyroxine (Owen, 
1948; Chanda et. al., 1952). 
The ability of thyroprotein and thyroxine to stimulate 
milk production in the dairy cow has been established. Some 
of its disadvantages have been mentioned. However, the dairy 
cow is not the only animal which responds to the feeding of 
thyroprotein. It has been shown that feeding ewes thyropro­
tein stimulates growth of the nursing lambs probably as the 
result of increased milk supply (Neuman et al., 1950; Labban, 
1957). Also the intramuscular injection of a fraction from 
thyroprotein (Poulsen, 1949) or thyrotropin (Owen and Dar-
roch, 1947) increased the milk yield in goats. 
Thus far no reference has been made to the galacto-
poietic effect of thyroprotein for the monogas trie animal. 
The effect of the previous research on lactating sows is not 
sufficient to draw any conclusions. However, the experimental 
work available suggests that thyroprotein may have a place in 
sow lactation rations especially where there is inadequate 
milk secretion following parturitions (Reineke and McMillen, 
1946; Blaxter .et al., 1949; Dyrendahl, 1949; Muller and 
Zenisek, 1955). This same application of thyroprotein is true 
for the bitch (Dyrendahl, 1949) and increased weaning weights 
have been reported with the rat (Muller and Zenisek, 1955). 
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Extensive research has been conducted in puerperal women 
with deficient lactation and here daily injections of crude 
ox anterior-pituitary extract alone gave no better results 
than those obtained in controls. But when ox anterior-
pituitary extract was reinforced by dried thyroid gland, given 
daily by mouth, the increase in milk, output was twice that ob­
tained in the controls (Robinson 1947a). It is postulated 
that failure of women to establish lactation in puerperium is 
due to a deficiency in the production of thyroxine by the 
thyroid gland and that the extra load of lactation brought to 
light the thyroid deficiency. In some of the mothers taking 
dried thyroid gland the daily output of milk decreased when 
treatment stopped. This tendency for milk output to fall was 
even greater among mothers taking thyroxine than among those 
taking dried thyroid gland (Robinson, 1947c). Further ob­
servations Indicate that thyroxine, given by mouth, was effec­
tive as a treatment for hypogalactia before the tenth day 
after delivery and no adverse side effects on either mother 
or child were seen. When lactation failed during the first 
two months, treatment with thyroxine was less successful 
(Romani, 1951). However, it has been reported that thyropro­
tein (at the doses used) had no effect on the initial phase 
of lactation in women, but prolonged the period of active 
lactation (Lelong et al., 1950). 
The increase in persistency of milk secretion, as noted 
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above, may be the result of an increase In the quantity of 
circulating thyroid hormone or similar compound. Work with 
the dairy cow has shown that there was a tendency for an in­
crease in thyroid activity just after parturition, then a 
downward trend for the next 3 to 4 months. After this there 
was wide variation among cows but with a tendency for the 
thyroid activity to plateau (Swanson et al •, 1957). If the 
thyroid secretion rate is highly correlated with perslstancy 
of milk secretion, and it appears that it is, then it should 
be possible to use the thyroid secretion rate as an aid In 
selecting high producing animals. Work with inbred mice has 
indicated that the thyroid activity is under genetic control 
(Amin et al•, 1957) . 
Thyroxine and thyroprotein are not the only thyroactive 
compounds. Triiodothyronine has been shown to be more effec­
tive than thyroxine using goiter-prevention as the criterion 
in tests employing rats, whereas there was no difference be­
tween the two compounds in chicks (Shellabarger, 1955). An­
other analogue of thyroxine, trliodothyronamine has been re­
ported to be 36 times as effective as L-thyroxine using the 
tadpole metamorphosis test (Fomita and Lardy, 1956). 
Although 3:5:3'-triiodothyronine has been reported to 
be five to seven times as active as thyroxine in various 
biological tests in small animals and humans it was found 
to have little effect on milk secretion when fed to lactating 
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cows (Folley, 1956) . This suggests that it has very little 
Inherent galactopoietic activity, that it is not well absorbed 
from. the digestive tract of the cow, or that it is more 
readily inactivated in the rumen than thyroxine. Where 
3:5:3'-triiodothyronine was administered by subcutaneous in­
jection, it proved to be somewhat more active than thyroxine 
by all criteria studied—the increase in milk, yield, the de­
crease in milk alkaline phosphatase and the increase in heart 
rate. Its potency was no more than twice that of thyroxine 
(Folley, 1956). It has been postulated that the low activity 
of the oral administration of triiodothyronine in the cow is 
due to rapid inactivatlon by rumen microorganisms (Folley, 
1956). 
There is some indication that feeding high levels of 
potassium iodide may stimulate lactation. An increase in 
milk production of 20 percent has been reported with Egyptian 
buffalo (Anon, 1956). It appeared that the greatest stimula­
tion was obtained after the animals had received the compound 
for about 20 weeks. Milk composition was also affected by 
this treatment ; the acidity, specific gravity, non-fat solids, 
total nitrogen, casein nitrogens, albumin, globulin and pro­
teose nitrogen were all higher and the milk fat was sig­
nificantly lowered. Lactating sows have been fed potassium 
iodide (125 mg. per sow per day) and increases in weaning 
weights of 7 to 34 percent have been reported (Weiser and 
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Zaitschek, 1927; Hogan and Johnson, 1941). Furthermore, an 
aqueous solution of iodine has been used to treat women who 
failed to establish lactation in the puerperium and the mean 
output of milk per day was increased 300 percent (Robinson, 
1947b). 
From the reported increased milk secretion as the result 
of feeding high levels of potassium iodide it would appear 
that during lactation the body placed a high demand on iodine. 
However, work with the rat has shown that the minimum dietary 
level of iodine needed to prevent thyroid enlargement was be­
tween 100 and 225 meg. per kg. of ration. But growth, repro­
duction and lactation were not affected by levels from 25 to 
525 meg. of iodine per kg. of ration (Parker, 1951). 
A discussion on the glactopoietic properties of crystal­
line thyroxine and its related compounds would not be complete 
without a statement on the mode of action of the thyroid 
hormone (Turner, 1955, pp. 39-40)-
Since thyroxine stimulates oxidative processes in 
all tissues, it must be concluded that it exerts a 
generalized effect, but exactly how it acts to 
increase metabolism is not known. Extirpated 
hearts from previously thyroidectomized cats con­
sume less glucose than normal; those from thyroid-
treated animals use more glucose than normal. 
Most workers agree that excised tissues and organs 
from normal animals fail to respond to thyroxine 
when they are grown in vitro. Such studies indi­
cate that tissues maintained apart from the organ­
ism are deprived of some organismic factor which 
is essential for the action of thyroxine. As 
mentioned earlier, the whole protein hormone of 
the thyroid is capable of stimulating tissues 
grown in vitro. 
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It appears that a proteolytic enzyme is present in 
the colloid of the thyroid follicle which causes 
the breakdown of thyroglobulin into biologically 
active fragments with low enough molecular weights 
to diffuse into circulation. There is general 
agreement that almost all the endogenously pro­
duced organic iodine is bound to plasma protein 
as thyroxine, but it has not been determined 
exactly how it produces cellular modifications. 
Whatever the effect from the circulating hormone 
may be, there can be little doubt that it con­
trols tissue metabolism through the regulation of 
various enzyme activities. 
Anti-thyroidlike Compounds 
In recent years considerable work has been conducted on 
the antithyroid or thyroxine Inhibiting property of compounds 
or their ability to promote growth in hyperthyroid rats 
(Baker et al•, 1950; Bolene et al., 1950; and Baker et al., 
1951)• From the reports of investigators it appears that the 
following compounds fall into this category: fish solubles; 
liver extracts; commercial A. P. F. supplements; crystalline 
vitamin B^g to some extent ; iodated phenoxyacetlcacld; 4-
hydroxy- and 4 benzyloxy-3,5 diiodotyrosine; vitamin A; beta-
carotene ; cholesterol; butyl-3, 5-dliodo-4-hydroxybenzolc 
acid; and alpha-methyl-beta-(5,5-diiodo-4-hydroxyphenyl)-
propionic acid. Antibiotics have been shown to reduce the 
oxygen consumption of both normal and hyperthyroid rats 
(Vogel et al., 1958); other evidence suggests that chloro-
tetracycline and K-penicillin have a goitrogenic action which 
simulates the thiouracils (Calesnick et al., 1954). 
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Swine Growth Studies 
The experimental work conducted on thyroprotein supple­
mentation of swine growing rations has not been as consistent 
as the galactopoietlc effect with lactating cows. It has 
been reported (Reineke et al., 1948) that there is a breed 
difference in response to thyroprotein; Chester White pigs 
failed to show an increase in growth rate when the ration 
was supplemented with 2.3 grams thyroprotein per 100 pounds 
while pigs of the Berkshire, Yorkshire and Duroc Jersey 
breeds gained up to 13.7 pounds more than their controls 
during a 98 day period. Other researchers (Beeson et al.. 
1949; Perry et, al., 1950) have noted similar results with 
Duroc Jersey pigs but observed the difference in growth rate 
was more marked In the period between 150 and 200 pounds. It 
also appears there may be a difference between pasture and 
drylot feeding. Hampshire pigs fed on Ladino-alfalfa pasture 
(Perry et al., 1951) failed to show any growth stimulation 
from thyroprotein while a growth response was obtained from 
similar pigs fed in drylot where the level of thyroprotein 
fed per unit of body weight decreased as the animals grew 
older-
Milk Alkaline Phosphatase 
During investigations on the composition of milk (Graham 
and Kay, 1934), it was found that milk kept for a period of 
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time increased in inorganic phosphate content at the expense 
of the acid-soluble phosphoric ester content, while the other 
fractions remained fairly constant. As early as 1925 it was 
noted that mammary tissue contained an enzyme which could 
actively hydrolyse, at least in part, the acid-soluble phos­
phoric esters of milk. There is a rapid fall in the phos­
phoric ester content of raw milk on standing even at room 
temperature. It was postulated that this might be because of 
bacterial growth but even in the presence of chloroform, the 
ester phosphorus diminishes on keeping the raw milk. In fact 
the inhibition of bacterial growth preventing the formation 
of lactic acid Increased the hydrolysis while the addition of 
dilute NaOH accelerated the disappearance of the phosphoric 
acid. 
To demonstrate more clearly the presence of the enzyme 
in milk (Graham and Kay, 1934), small quantities of milk were 
added under controlled conditions to an excess of beta-
glycerophosphat.e solutions in the presence of antiseptics. 
The liberation of inorganic phosphate, which takes place slow­
ly in milk alone by the autolysis of its own phosphoric 
esters, was found to be much increased by the addition of 
this phosphoric ester to the milk. Further work showed that 
when milk was pasteurized (30 minutes at 62.5°C) the enzyme 
was destroyed. From experiments under varying pH values it 
was postulated that the enzyme was like the phosphatase of 
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all mammalion tissues and that its optimum pH is in the 
neighborhood of 9.0. 
It was also suggested (Graham and Kay, 1934) that the 
breed of cow affected phosphorus content of milk as in total 
phosphorus per 100 ml. milk, in total acid-soluble phosphorus 
and in ester phosphorus, there is an increase from the Hoi­
st ein-Friesians through the Ayrshires to the Jerseys. The 
total phosphorus of the milk and the phosphatase content seem 
to vary together, whereas the ester phosphorus appears to 
vary inversely as the phosphatase. 
H. D. Kay had formerly worked out an assay for determin­
ing the phosphatase activity in blood and serum—this assay 
technique was revised (Kay and Graham, 1934) and it was found 
that the quantity of phosphatase enzyme present in cow's milk 
is considerably greater than that present in human or bovine 
blood plasma. It was also found that the enzyme assay could 
be used as a measure of the efficiency of the milk pasteuriza­
tion process. It was concluded (l) that phosphatase is 
present in every sample of raw milk; (2) it is completely 
destroyed by efficient pasteurization either by the hold or 
flash method; (3) it is only relatively slowly destroyed by 
temperatures below 60°C, so that milk which has been pas­
teurized for 0.5 hour at a temperature below 60°C still shows 
the presence of the enzyme ; (4) milk phosphatase is easily 
recognized qualitatively and easily estimated quantitatively; 
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(5) the assay technique can be applied to cream or butter; 
(6) the enzyme, as it occurs in milk under ordinary condi­
tions, is fairly stable, and if the milk is kept cold, suffers 
little change in quantity for days. 
In view of its apparent Identity with the enzyme of the 
blood it might appear possible, at first sight, that the phos­
phatase êtisyme could arise directly from the blood plasma by 
passage through the cells of the mammary gland. If this did 
occur, there would have to be a certain degree of concentra­
tion of the enzyme as between plasma and milk, since, per unit 
volume, its activity is several times greater in milk than in 
blood plasma. While such a concentration is possible, re­
searchers (Folley and White, 1936) could find no evidence of 
a correlation between day to day variations in the phosphatase 
content of cows milk and of the blood serum; nor did they 
find that those cows characterised by the highest average 
values for serum phosphatase activity were necessarily those 
secreting milk containing the most phosphatase. These find­
ings strongly suggest that the phosphatase of the milk arises 
directly from the secretary cells of the mammary gland, a 
tissue which is known to be a rich source of phosphomono-
esterase. In view of the large quantity of milk containing 
phosphatase that is being secreted by an active bovine udder, 
these findings point also to the cells of the mammary gland 
as being capable of continuous synthesis of this enzyme during 
19 
their functional activity. 
Although the phosphatase content of milk appears to have 
no direct relationship to the level of this enzyme in the 
blood, there is undoubtedly a relationship between the phos­
phatase content of the milk and stage reached in the lacta­
tion period. The normal lactation-period-milk-yield curve 
for dairy cattle may be briefly described as follows: follow­
ing parturition, the dally volume of milk secretion rises 
steadily to a peak which occurs near the fifth or sixth week 
post partum, thereafter milk yield declines slowly over a 
period which may extend over one year or more. It was found 
(Folley and Kay, 1936) that the concentration of phosphomono-
esterase in milk was qualitatively the inverse of the milk-
yleld-lactation-period curve ; that the output of the enzyme 
in the milk of the cow varies regularly throughout lactation, 
rising to a maximum at about 180 days post partum. There 
appears to be no regular changes in the concentration of 
phosphatase in the blood serum of the cow as lactation 
progresses, indicating that the milk enzyme does not come 
directly from blood serum. The results suggest that the rate 
of secretion of phosphatase in milk is inversely related to 
the functional efficiency of the mammary gland. 
As mentioned earlier, alkaline phosphatase can be used 
as an assay for determining the status of milk pasteurization. 
Milk alkaline phosphatase (Folley, 1956) can also be used to 
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determine the galactopoietlc effect of thyroxine and other 
thyroactive compounds. Both thyroprotein and L-thyroxine fed 
orally to cows Increases the daily milk yield and L-thyroxine 
was shown to greatly decrease the milk alkaline phosphatase 
activity, but 3:5:3-triiodo-L-thyronine fed orally to cows 
had little effect on milk yield or phosphatase enzyme con­
tent. However, when 3:5:3-triiodo-L-thyronine was given to 
cows by the subcutaneous route, it proved to be somewhat more 
active than thyroxine as measured by all criteria studied, 
including milk alkaline phosphatase. 
Although the presence of a phosphatase enzyme in milk 
has been known for years, many of its properties were unknown 
until a study of the properties of the enzyme (Haab and Smith, 
1957) revealed that: (1) the optimum pH for enzymatic 
hydrolysis depends on various factors, including the sub­
strate, the concentration of the substrate, and the buffer 
system; (2) the optimum hydrolysis temperature was 38.5°C; 
(3) the optimum length of hydrolysis period at 38.5°C and pH 
10.32 was 20 minutes but when only traces of the enzyme are 
present a longer hydrolysis period may be desirable; (4) milk 
alkaline phosphatase has a greater affinity for disodium-
phenyl-phosphate than for beta-glycerophosphate; (5) the aver­
age activation energy was 8,970-100 cal. per mole; (6) the 
phosphatase activity of raw milk remained constant for at 
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least 72 hours when the samples were held at 4°C; (7) when 
raw milk was adjusted to different pH values for 1 to 2 
hours the enzyme activity dropped rapidly on both sides of 
the normal pH range of milk (pH near 7.0), but this pH can­
not be used for assay as the enzyme has little activity 
towards substrates at this pH; and (8) purified preparations 
of milk phsophatase are activated by several divalent metals, 
including Ca and Mg. 
Since it has been shown that the milk alkaline phospha­
tase content is low when the cow milk secretion is high, it 
might be postulated that milk yield could be determined by 
a quantitative assay for milk alkaline phosphatase. If this 
were true, such a technique would be of real value in evalu­
ating total milk production of the sow. Studies (Haab and 
Smith, 1956) of the variations in the alkaline phosphatase 
activity of milk samples taken at weekly intervals from ten 
cows during a 14 day period and also correlated with total 
milk yield showed that: (1) the mean phosphatase activity of 
milk (gamma phenol per 0.5 ml. milk) from individual cows 
ranged from 247 to 866 and the standard deviation ranged from 
123 to 367; (2) the range of the correlation of the phospha­
tase enzyme with milk yield for the ten cows was -0.061 to 
-0.881 (when these ten values are averaged the correlation 
is -0.637). The values for phosphatase enzyme decreased 
sharply after the first milking, reaching a minimum before 
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the tenth day, and then began to increase sharply; the enzyme 
activity during an entire lactation period ranged from a value 
of 119 to 4,380 gamma phenol per 0.5 ml. milk. Thus the milk 
from individual cows varies widely in phosphatase activity 
during the course of the lactation and neither the ration fed 
or changing from pasture to winter feeding appear to affect 
the phosphatase trends. It has been postulated that fluctua­
tions in the phosphatase content of milk are related to dis­
turbances in the physiological condition of the cows, e.g., 
changes occurring in the first few days after parturition or 
during advanced gestation (Kannau and Basu, 1948). 
Temperature 
Animals are said to possess a critical temperature within 
a zone of thermal neutrality; in this zone environmental tem­
perature is without much effect on metabolic rate (Dukes, 
1947). Yet above or below the zone of thermal neutrality, 
production efficiency may decline. Observations made of 
animals exposed to temperatures well above or below this zone 
for short periods of time indicate no apparent deleterious 
effect. 
The use of various sources of heat, such as electric 
heat lamps or heated floors, suggests that such heat elimin­
ates serious stress on the baby pig when the air temperatures 
are far below the zone of thermal neutrality (McLagan and 
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Thompson, 1950; Lucus and Thompson, 1953). Most species of 
domestic animals depend greatly on heat loss through respira­
tion during hot weather (Dukes, 1947). Thus, it would appear 
that production efficiency could be improved by regulating 
temperatures from going above the zone of thermal neutrality. 
Experimental work has shown this to be true for average daily 
gain and feed conversion in the growing pig with 75°F. the 
optimum temperature (Heitman and Hughes, 1949). Later work 
has shown that the type of building shell ( aluminum, wood or 
steel) mey also affect summer production efficiency as pigs 
housed in the cooler aluminum houses had the most rapid daily 
gain and the highest feed efficiency (Hazen, 1956). However 
suckling pigs appear to be more efficient feed converters 
when kept at slightly above 60°F than at 44°F (Gill and Thom­
son, 1956). 
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INVESTIGATIONS 
The research reported herein was conducted as a series 
of sow lactation experiments where the response was measured 
by physiological data, pig gain, composition of milk solids, 
sow weight changes, sow reproductive performance, and milk 
alkaline phosphatase activity. The experiments which contain 
the data of this work are on file at the Animal Husbandry 
Section of the Iowa Agricultural Experiment Station as Swine 
Nutrition Experiments 731A, 731B, 731C; 766A, 766B, 766C, 
766D, 766E, 766F; 782; 794A, 794B; 813; 869A and 869B. 
General Management Practices 
In conducting sow lactation experiments a number of man­
agement practices are common to all investigations. In order 
to eliminate unnecessary repetition, the following section 
will be devoted to a discussion of these management practices 
and the general type of lactation control rations used 
throughout this series of experiments. 
Crossbred sows were used in these experiments; the breeds 
represented in the cross included Farmer's Hybrid, Poland 
China, Landrace and Duroc Jersey. On the 110th day of gesta­
tion, the sows which had been fed adequate gestation rations, 
were brought in from dirt dry lots to the farrowing unit, 
thoroughly washed with soap and warm water and sprayed with 
a benzene-hexachloride solution to control external parasites. 
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They were then moved to the farrowing stalls In the farrowing 
house where the temperature during the cold seasons was regu­
lated at 68°F. At this time the sows divided into first 
litter and mature sows, were randomly allotted to the ration 
treatment according to farrowing date. The females were fed 
6 lb. daily of their respective ration until farrowing. 
Immediately after farrowing all sows were full fed all they 
could eat, three times daily at 8:00 A.M., 4:00 P.M. and 
10:00 P.M., in their farrowing stall. All sows and pigs had 
free access to fresh water. 
The baby pigs were individually ear marked, weighed and 
the canine teeth ( tusk teeth) were cut before they were 24 
hours old. The marking and weighing was done in the after­
noon and the date of birth was recorded at this time. This 
system assured a 7-day gain for each week. Thereafter all 
pigs were individually weighed weekly. Pig weights were 
recorded to the nearest 0.1 lb. and all pigs that weighed 
under 2.0 lb. at birth were sacrificed. 
Heat lamps were provided in the winter and 50 watt light 
bulbs in the summer as a source of additional heat and light 
for the baby pigs. 
All pigs were given an anemia preventative treatment at 
birth and weekly thereafter. 
The farrowing stalls were cleaned once dally regularly 
and when needed twice daily. Wood shavings were used for 
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bedding. 
Although four different rations were used during the 
experiments that follow, they were all very similar. Bas­
ically the 16 percent protein ration was highly fortified with 
riboflavin, pantothenic acid, niacin and Vitamin . Three 
of the four rations contained 2.5 percent condensed fish 
solubles which along with Vitamin B]_g, carotene, antibiotics 
etc. have been shown to Inhibit or counteract hyperthyroidism 
or act as an antithyroid agent. The fourth ration contained 
fish meal in place of condensed fish solubles. 
The thyroprotein (Protamone) used in these experiments, 
produced under controlled conditions, was blended to contain 
1 percent thyroxine activity.1 After the first experiment, 
where levels of thyroprotein were tested, the thyroprotein 
test ration contained 100 mg. thyroprotein per lb. or the 
theoretical equivalent of 1 mg. thyroxine activity per lb. of 
ration. In this thesis iodinated casein will be referred to 
as thyroprotein although the commercial name of the product 
is Protamone. 
Exp. 731 - Thyroprotein for Lactating Sows 
Objective 
The purpose of this experiment was to determine if thyro-
1Agri-Tech Inc., Board of Trade Building, Kansas City, Mo. 
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protein would increase the quantity of milk produced early in 
lactation by sows as measured by the gain of the pig during 
the first 7 days of lactation. 
Observations made by the author on six poor milking sows 
during the summer of 1955 indicated that this product might 
stimulate early milk production especially in sows which fail 
to come into milk following parturition. Thus, this experi­
ment was designed to verify this observation, to determine a 
level of thyroprotein to feed and to study the effect of 
thyroprotein ration supplementation under different environ­
mental conditions. 
The experiment was divided into three phases as shown in 
Factors to be studied 
1. Levels of thyroprotein - 0, 50, 
100, and 200 mg. per lb. ration 
2. Sow respiration rate (breath 
per min.) 
3. Sow rectal temperature, °F-
1. Basal vs. 100 mg. thyroprotein 
per lb. ration, optimum level 
from Exp. 731A, with end without 
air conditioning 
2. Sow heart rate (beats per min.) 
1. Winter feeding of basal vs. 100 
mg. thyroprotein per lb. ration 
2. Milk composition (milk fat, total 
milk solids and total milk solids 
non-fat) 
the following plan: 
Exp. 731A (May-June) 
Exp. 731B (July-Aug.) 
Exp. 731C (Dec.-Jan.) 
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Procedure 
General management practices. These practices were the 
same as previously stated. 
Specific details for this experiment. In Exp. 731A the 
levels of 0, 50, 100 and 200 mg. thyroprotein per lb. of 
ration were tested. Also the respiration rate and rectal 
temperature of each sow was taken on the seventh day post­
partum between 1:00 P.M. and 2:00 P.M. 
In Exp. 73IB the effect of supplementing sow lactation 
rations with 100 mg. thyroprotein per lb. was tested with and 
without air conditioning. Furthermore, the heart rate of 
each sow was taken when she was at complete rest—In other 
words the sow did not appear to notice the presence of the 
stethoscope which was placed about 3 to 6 Inches posterior to 
the front leg near the costral condyl junction. The heart 
measurement was the average of three readings all taken on 
one night between the fifth and seventh day postpartum, and 
during the hours of 9:00 P.M. to 2:00 A.M. when the building 
temperature was between 68 and 74° F. 
Air conditioning was provided for this experiment in 
July and August, 1956, by a 5-ton Lennox air conditioning 
unit. This was installed in one-half of the insulated far­
rowing house for 12 of the 24 farrowing stalls. The thermo­
stat regulating the air temperature was cet at 70° F. and the 
air conditioning unit was adjusted to exchange as much air as 
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possible to help eliminate the excessive odor. 
The air temperature in the east half of the farrowing 
house, which housed 12 farrowing stalls, was allowed to fluc­
tuate with the day to day temperature changes. The windows 
and doors in this portion of the building were kept open to 
increase the air circulation. 
In Exp. 731C the effect of sow lactation ration supple­
mentation with 100 mg. thyroprotein per lb. was tested under 
winter conditions. Also, the sows were milked on the seventh 
day postpartum by placing a small rope around the snout and 
tying her to a gate post and injecting 1 ml. Oxytocin into the 
ear vein. Then four active udder sections were milked dry and 
a composite sample of milk was taken for assay. Milk fat was 
determined (Association of Official Agricultural Chemists, 
1955) and the percentage total milk solids was determined by 
weighing a 10 ml. sample of milk and then drying to a constant 
weight at 100° C. The difference between the total milk 
solids and milk fat was considered milk solids non-fat. 
Presentation of data 
The control ration used in these experiments is present­
ed in Table 22 in the Appendix. The results of these ex­
periments are presented as follows: Exp. 731A, Table 1 
and Figures 1 and 2; Exp. 731B, Table 2 and Figures 3 and 
4; Exp. 731C, Table 3 and Figure 5. A summary of the entire 
experiment is presented in Table 4 and Figure 6. The statis-
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tical treatment of the data is presented in Tables 23, 24, 25 
Results 
The results of Exp. 731A where 0, 50, 100 and 200 mg. 
thyroprotein per lb. were tested are presented in Table 
1 and Figures 1 and 2. The ration supplemented with 
Table 1. The effect of levels of thyroprotein for lactating 
sows during May and June 1956 (Exp. 731A) 
Level of thyroprotein 
0 50 100 200 
First litter sows 
Litters, no. 
Pigs nursing first day, no. 
Pigs weaned, 1 week, no. 
Mortality (unknown causes) 
per litter, no. 
4 
8.25 
7.75 
.50 
4 
8.25 
7.50 
.75 
5 
8.00 
7.60 
.40 
5 
8.40 
8.20 
.20 
Pig birth weight 
(pigs weaned), lb. 
Pig gain, lb. 
Litter gain, lb. 
3.03 
2.19 
16.65 
3.05 
1.88 
14.28 
3.25 
2.30 
17.24 
2.90 
1.80 
14.42 
Sow respiration rate 
(breaths/min.) 
Sow rectal temperature, F. 
72.0 
102.8 
71.0 
102.8 
74.4 
103.1 
92.0 
103.7 
Mature sows 
Litters, no. 
Pigs nursing first day, no. 
Pigs weaned, 1 week, no. 
Mortality (unknown causes) 
per litter, no. 
4 
11.25 
9.25 
2.00 
4 
9.75 
9.25 
.50 
3 
6 • 33 
6.33 
.00 
3 
9.33 
9.00 
.33 
Pig birth weight 
(pigs weaned), lb. 
Pig gain, lb. 
Litter gain, lb. 
2.88 
1.98 
18.40 
2.92 
1.79 
17.08 
2.96 
2.97 
18.27 
3.23 
2.37 
21.87 
Sow respiration rate 
(breaths/mln.) 
Sow rectal temperature, °F. 
85.0 
102.8 
82.0 
102.1 
63.3 
102.1 
103.3 
103.7 
Figure 1. The effect of levels of thyroprotein on 
physiological measurements and the lactation 
performance of first litter sows (Exp. 731A) 
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Figure 2. The effect of levels of thyroprotein on 
physiological measurements and the lactation 
performance of mature sows (Exp. 731A) 
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MATURE SOWS 
GAIN 
PER 2 
P IG 
( l b . )  I  
1.98 
Birth Wt.db.) 2.88 
1.79 
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r 
50|- 17 
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63 
y 
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100 mg. thyroprotein per lb. produced a marked increase in 
first week pig gains in both first litter and mature sows; 
furthermore this level of thyroprotein did not appreciably 
change the sow respiration rate or rectal temperature. There 
were no indications of any adverse side reactions on either 
the sows or the suckling baby pigs. This included observa­
tions on the incidence of baby pig scours. 
The 50 mg. level of thyroprotein did not improve first 
week pig gains in either first litter or mature sows. Al­
though the 200 mg. level of thyroprotein produced some in­
crease In first week pig gains in mature sows, it did not 
improve the performance of the pigs from first litter sows. 
It was apparent that the 200 mg. per lb. level of thyropro­
tein greatly increased respiration rate and, to a relatively 
smaller degree, elevated rectal temperature. The sows on this 
level were extremely nervous, but no adverse side-effects were 
noted in the pigs nursing these sows. 
The results of Exp. 731B where the effect of ration sup­
plementation with 100 mg. thyroprotein per lb. was tested 
with and without air conditioning are presented in Table 2 
and Figures 3 and 4. It is apparent that air conditioning 
did not improve first week pig gains, although there was a 
tendency for a slightly reduced pig mortality when mature 
sows were housed in the air conditioned farrowing unit. The 
increase in first week pig gains of 0.41 to 0.78 lb. for first 
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Table 2. Effect of sow ration supplementation with and 
without 100 mg. per lb. of thyroprotein with 
and without air conditioning on first week pig 
gain during July and August 1956 (Exp. 731B) 
Level of thyroprotein 
(mg. per lb. ration) 
0 100 
N.A.C.-L Â~C7 N.A.C. A.C. 
First litter sows 
Litters, no. 
Pigs nursing first day, no 
Pigs weaned, 1 week, no. 
Mortality (unknown causes) 
per litter, no-
Pig birth weight 
(pigs weaned), lb. 
Pig gain, lb. 
Litter gain, lb. 
Sow feed consumption, lb. 
Sow heart rate, 
beats per minute 
Mature sows 
Litters, no. 
Pigs nursing first day, no 
Pigs weaned, 1 week, no. 
Mortality (unknwon causes) 
per litter, no. 
Pig birth weight 
(pigs weaned), lb. 
Pig gain, lb. 
Litter gain, lb. 
Sow feed consumption, lb. 
Sow heart rate, 
beats per minute 
4 
9.50 
9.25 
.25 
4 
9.25 
9.25 
.00 
4 
7.25 
7.25 
.00 
5 
8.20 
8.00 
.20 
3.25 3.36 3.10 2.97 
1.77 1.95 2.55 2.36 
15.65 17.60 17.93 19.18 
49 56 54 54 
57.0 57.3 56.5 56.6 
3 
9.67 
9.00 
.67 
3 
10.00 
9.67 
9.00 10.00 
7.75 10.00 
.33 1.25 .00 
3.11 2.82 2.93 2.99 
2.08 1.68 2.81 2.24 
18.73 16.40 21.75 22.43 
50 43 49 49 
53.7 54.0 54.0 55.0 
•'•N.A.C. - non air conditioned 
A.C. - air conditioned 
Figure 3. The effect on first week lactation performance 
and heart rate of first litter BOWS from ration 
supplementation with and without 100 mg. per 
lb. thyroprotein and with and without air 
conditioning (Exp. 731B) 
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45 
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RATE 0  
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AC = Air  condi t ioned 
Figure 4. The effect on first week lactation performance 
and heart rate of mature sows from ration 
supplementation with and without 100 mg. per 
lb. thyroprotein and with and without air 
conditioning (Exp. 731B) 
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GAIN 
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2.81 
2.08 
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CONTROL 
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45 
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°  Temp. 68- 74° F AC = Air  condi t ioned 
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litter and mature sows due to ration supplementation with 100 
mg. thyroprotein per lb. was similar to that observed in Exp. 
731A. Again, no adverse side reactions were observed in 
either the sows or pigs due to thyroprotein feeding. When 
the data for the control and the 100 mg. level of thyropro­
tein for the two summer experiments were combined, the in­
crease in first week pig gain was statistically significant 
P <.01. Heart rates obtained under carefully controlled con­
ditions Indicate that this level of thyroprotein had no effect 
on the heart rate of the sow in this experiment. 
The results of Exp. 731C where the sow lactation ration 
supplemented with 100 mg. thyroprotein per lb. was tested 
under winter feeding conditions are presented in Table 3 and 
Figure 5. Again It was apparent that the ration supplemented 
with thyroprotein increased first week pig gains approximately 
0.5 lb. per pig; this was statistically significant P <.05. 
Statistical analysis of the milk solids indicate that there 
was no difference in the total milk solids, milk solids non­
fat or milk fat due to thyroprotein feeding. 
A summary of Exp. 731A, 731B and 731C is presented in 
Table 4 and Figure 6. In these experiments, which involved 
42 first litter and 34 mature sows, the feeding of a ration 
containing 100 mg. thyroprotein per lb. increased first week 
pig gains 24 percent and reduced pig mortality 0.26 pig per 
litter In first litter sows and in mature sows it increased 
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Table 3» The effect of sow ration supplementation with 100 
mg. thyroprotein on first week pig gain and milk 
solids during Dec.-Jan. 1956 (Exp. 7310) 
Level of thyroprotein 
(mg. per lb. ration) 
0 100 
First litter sows 
Litters, no. 8 8 
Pigs nursing first day, no. 8.75 9.12 
Pigs weaned, 1 week, no. 8.25 8.63 
Mortality (unknown causes) 
per litter, no. .63 .12 
Pig birth weight (pigs weaned), lb. 2.96 2.93 
Pig gain, lb. 2.20 2.82 
Litter gain, lb. 17.28 23.72 
Sow feed consumption, lb. 54 46 
Milk solids, percent 19.5 19.1 
Milk solids non-fat, percent 12.3 12.2 
Milk fat, percent 7.2 6.9 
Mature sows 
Litters, no. 7 7 
Pigs nursing first day, no - 8.71 9.00 
Pigs weaned, 1 week, no. 8.71 8.71 
Mortality (unknown causes) 
per litter, no. .00 .00 
Pig birth weight (pigs weaned), lb. 2.83 2.83 
Pig gain, lb. 2.45 2.90 
Litter gain, lb. 21.34 25.36 
Sow feed consumption, lb. 49 46 
Milk solids, percent 17.5 18.9 
Milk solids non-fat, percent 12.0 12.7 
Milk fat, percent 5.5 6.2 
Figure 5. The effect on first week lactation performance 
from ration supplementation with and without 
100 mg. per lb. thyroprotein during winter 
conditions (Exp. 731C) 
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Table 4. Summary of pig performance nursing sows on control 
ration and ration supplemented with 100 mg. thyro­
protein per lb- (Exp. 731A, 73IB, 731C) 
Level of thyroprotein 
(mg. per lb. ration) 
0 100 
First litter sows 
Litters, no. 20 22 
Pigs nursing first day, no. 8.9 8.3 
Pigs weaned, 1 week, no• 8.55 8.00 
Mortality (unknown causes) 
per litter, no. 0.40 0.14 
Pig birth weight (pigs weaned), lb. 3.11 3.05 
Pig gain, lb. 2.06 2.55 
Litter gain, lb. 16.9 20.2 
Mature sows 
Litters, no. 17 17 
Pigs nursing first day, no• 9.70 8.70 
Pigs weaned, 1 week, no. 9.06 8.30 
Mortality (unknown causes) 
per litter, no. 0.60 0.30 
Pig birth weight (pigs weaned), lb. 2.89 2.90 
Pig gain, lb. 2.14 2.77 
Litter gain, lb. 19.3 22.7 
first week pig gains 29 percent and reduced pig mortality 
0.30 pig per litter. The increase in pig gain was statis­
tically significant P^.01. However the sows on the control 
ration nursed slightly more pigs per litter. In order to 
ascertain whether this was a large contributing factor the 
correlation coefficient and regression coefficient for pig 
gain on pigs per litter were calculated. The regression 
coefficient was b = -0.106 and the correlation coefficient 
Figure 6. Summary of first week pig performance nursing 
sows fed the control ration and the ration 
supplemented with 100 mg. per lb. of thyro­
protein (Exp. 731A, 731B, 731C) 
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was r = -0.35. Thus, no statistical adjustment of the data 
was made. 
Discussion 
The results of Exp. 731A, 731B and 731C indicate that, 
under the conditions of these experiments, sow rations supple­
mented with 100 mg. thyroprotein per lb. increased first week 
pig gains about 27 percent and reduced pig mortality about 
0.25 pigs per litter. This increase in pig gain was obtained 
in both first litter and mature sows and during summer or win­
ter conditions. Furthermore the optimum level of thyroprotein 
tested (100 mg.) did not appear to appreciably affect respira­
tion rate, rectal temperature, or heart rate. There were no 
adverse side reactions on either the sows or the pigs; in fact 
the stools of pigs gaining very rapidly were well formed. 
Since there were no appreciable differences in the composition 
of the milk solids tested, it is probable that the Increased 
pig gain was the result of increased milk production. Appar­
ently baby pigs nursing heavy milking sows fed rations well 
fortified with B-vltamlns can utilize large quantities of 
milk. Poor doing pigs, nursing apparently poor milking sows, 
have been observed to frequently drink water; this does not 
provide energy for the needs of the pig and could be a source 
of bacterial contamination as many of the poor doing litters 
have been observed to have loose stools. 
It has been the policy of most swine producers to limit 
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the feed for the sow the first few days after farrowing or to 
feed a very bulky ration at this time to reduce the amount of 
constipation and also help keep the sow from coming into milk 
too rapidly. However, when 5 percent ground dried beet pulp 
was Included in the ration to regulate feces consistency, no 
excessive constipation or looseness was observed. In only 
a limited number of cases was it necessary to exercise the 
sow to relieve constipation. Results of this experiment 
strongly suggest that sows may be full fed a ration, such 
as the one used in these experiments, from the day of farrow­
ing without creating any adverse conditions in either the sow 
or the suckling pigs. 
Exp. 766 - Thyroprotein Field Tests with Lactating Sows 
Objective 
The purpose of this series of experiments was to deter­
mine if lactating sow rations supplemented with 100 mg. 
thyroprotein per lb. would increase pig weaning weights under 
conditions employed by different swine producers. 
Procedure 
General management practices. The practices recommended 
to each cooperating swine producer were the same as those 
previously outlined. Some managers preferred to make changes; 
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these changes are outlined below. 
The ration used in Exp. 766A and Exp. 766B was similar 
to the ration used in Exp. 731 and is presented in Table 26. 
It was mixed and pelleted by a commercial feed manufacturer. 
The only exception to the general management practices pre­
viously outlined was that in Exp. 766B the operator did not 
full feed the sows the first few days after farrowing. Also, 
pigs that weighed less than 2 lb. at birth were not sacri­
ficed in either Exp. 766A or Exp• 766B. 
In Exp. 766C, the commercial feed company cooperating 
on this test substituted wheat bran for the ground dried beet 
pulp in the ration shown in Table 22. Furthermore, the sows 
were limited fed the first few days postpartum in the farrow­
ing stalls and then turned outside twice daily during the 
winter and group fed. 
Exp. 766D was conducted by the same commercial feed com­
pany as in Exp. 766C using the same ration. This test was 
conducted during the winter and here the sows were turned out 
of the farrowing stalls and group fed, according to appetite, 
twice daily in a warm building. 
Exp. 766E was conducted during the winter. The same 
procedures and ration as outlined in Exp. 731 were followed 
except that the sows were not full fed the first few days 
postpartum. 
Exp. 766F was conducted during the winter and the same 
ration and procedure as outlined in Exp. 731 were followed. 
Presentation of data 
The data for Exp. 766A are presented in Table 5 and Fig­
ure 7 and for Exp. 766B in Table 6 and Figure 7. The statis­
tical treatment of the data for the above two experiments are 
presented in Table 27 and Table 28. 
The remainder of the field test data are presented as 
follows: Exp. 766C, Table 7; Exp. 766D, Table 8; Exp. 766E, 
Table 9; and Exp. 766F, Table 10. Since individual litter 
records were not furnished for the above experiments, they 
were not subjected to statistical analysis. 
Results 
In field test Exp. 766A (Table 5 and Figure 7), which 
involved 57 sows and litters weaned at 2 weeks of age, there 
was an increase in pig gain of 0.51 lb. for the first week and 
an increase of 0.64 lb. for the 2 weeks even though the thyro­
protein fed sows weaned 0.64 more pigs per litter. The in­
crease in pig gain for the 2 weeks was statistically signifi­
cant at P 4*05. Also the sows fed the thyroprotein supple­
mented ration weaned a higher percentage of their pigs as 
there was a decrease in pig mortality per litter of 0.54 pig. 
In field test Exp. 766B (Table 6 and Figure 7), which 
involved 58 sows and litters weaned at 3 weeks of age, there 
was no difference in first week pig gains of the two treat-
52 
Table 5. Field test results from supplementation of the 
lactation ration with 100 mg. thyroprotein per 
lb. where the sows were individually self-fed a 
pelleted ration from farrowing to weaning at 
2 weeks (Exp. 766A) 
Control Thyroprotein 
Litters, no. 30 27 
Pigs nursing sow first day, no. 8.13 8.22 
Pigs weaned per litter, no. 6.70 7.33 
Mortality per litter, no. 1.43 0.89 
Pig birth weight (weaned), lb. 2.66 2.78 
Pig gain: birth to 7 days, lb. 1.90 2.41 
birth to 14 days, lb. 4.77 5.44 
Total litter gain, lb. 31.96 39.88 
Table 6. Field test results from supplementation of the 
lactation ration with 100 mg. thyroprotein per 
lb. where the sows were limited fed the first 
few days after farrowing and then self-fed a 
pelleted ration to weaning at 3 weeks (Exp. 766B) 
Control Thyroprotein 
Litters, no. 30 28 
Pigs nursing sow first day, no. 8.00 8.00 
Pigs weaned per litter, no. 7.00 7.36 
Mortality per litter, no. 1.00 0.64 
Pig birth weight (weaned), no. 2.87 2.73 
Pig gain: birth to 7 days, lb. 2.67 2.65 
birth to 14 days, lb. 5.99 6.07 
birth to 21 days, lb. 9.10 9.71 
Total litter gain, lb. 63.70 71.47 
Figure 7. Field test results from supplementation of the 
lactation ration with and without 100 mg. per 
lb. of thyroprotein where the sows were fed a 
pelleted ration from farrowing to weaning 
(Exp. 766A and 766B) 
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mente, but as the lacta xn period progressed the pigs that 
nursed the thyroprotein fed sows had outgalned their controls 
by 0.61 lb. at 3 weeks of age. This increase in 3-week pig 
gain was statistically significant P <£.15. Again the sows fed 
the ration supplemented with thyroprotein weaned a higher per­
centage of their pigs as there was a decrease in pig mortality 
per litter of 0.36 pig. 
The field test results obtained in Exp. 766C (Table 7) 
were not favorable. There was no increase in the 3-week pig 
gain and there was an excessively large weight loss in the 
sows fed the ration supplemented with thyroprotein between 
parturition and weaning. 
The same feed company conducted the field test Exp. 766D 
(Table 8) as Exp. 7660. However, here the sows were full fed 
in warm quarters and the thyroprotein fed sows weaned at 2 
weeks of age, 1.16 more pigs per litter which gained 0.30 
lb. more per pig. The total litter gain for the control was 
42.38 lb. and for the thyroprotein fed sows 51.76 lb. 
Similar results were observed in field test Exp. 766E 
(Table 9) and again there was an increase in 3-week gain per 
pig and total litter gain where the sows were fed thyroprotein. 
In field test Exp. 766F (Table 10) there was an increase 
in first week pig gain and total litter gain. The data showed 
that the thyroprotein fed sows weaned a higher percentage of 
their pigs as there was a decrease in pig mortality per litter 
of 0.59 pig. 
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Table 7. Field tests results from supplementation of the 
lactation ration with 100 mg. thyroprotein per 
lb. where sows were limited fed the first few 
days after farrowing and then group fed twice 
daily outside during the winter (Exp. 766C) 
Control Thyroprotein 
Litters, no. 16 16 
Pigs weaned, no. 8.86 8.62 
Pig birth weight, lb. 3.22 3.17 
Pig gain, 0-21 days, lb. 9.46 9.18 
Litter gain, 0-21 days, lb. 83.82 79.13 
Sow weight loss, 1-21 days, lb. 23 51 
Table 8. Field test results from supplementation of the 
lactation ration with 100 mg. thyroprotein per 
lb. where the sows were group full-fed twice 
daily in a warm building from farrowing to 
weaning (Exp. 766D) 
Control Thyroprotein 
Litters, no. 19 19 
Pigs weaned, no. 8.68 9.84 
Pig birth weight, lb. 2.79 2.73 
Pig gain, 0-14 days, lb. 4.94 5.26 
Litter gain, 0-14 days, lb. 42.88 51.76 
Discussion 
Since an increase in pig gains was obtained in five of 
the six field tests conducted, it was apparent that sow herds 
other than the sow herd at the Iowa State College Swine 
Nutrition Farm also were lacking in the quantity of thyroid 
hormone needed for maximum milk production early in the 
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Table 9- Field test results from supplementation of the 
lactation ration with 100 mg. thyroprotein per 
lb. where the sows were limited fed the first 
few days after farrowing (Exp. 766E) 
Control Thyroprotein 
Litters, no. 6 4 
Pigs weaned per litter 7.83 8.50 
Pig birth weight, lb. 3.12 2.98 
Pig gain, 0-21 days, lb. 7.26 7.65 
Litter gain, 0-21 days, lb. 56.85 65.03 
Table 10. Field test results from supplementation of the 
lactation ration with 100 mg. thyroprotein per 
lb. where the first litter sows were full fed 
from farrowing to weaning (Exp. 766F) 
Control Thyroprotein 
Litters, no. 13 14 
Pigs nursing first day, no. 9 .15 9.40 
Pigs weaned at 1 week, no. 8. 23 9.07 
Mortality per litter, no. .92 .33 
Pig birth weight, lb. 2, .85 3.10 
Pig gain, 0-7 days, lb. 2. 28 2.67 
Litter gain, 0-7 days, lb. 18. 76 24.22 
lactation period. The reasons for no increase in pig gain 
and the excessive sow weight loss in Exp. 7660 are unknown 
but could be caused from a number of factors such as: (1) 
including thyroprotein in the ration at too high a level, 
(2) using rations inadequately fortified with B-vitamins, 
(3) the thyroid hormone may not have been one of the limiting 
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factors in this herd of sows, (4) the energy content of the 
ration may not have been high enough to support the increase 
in metabolism brought about by the addition of thyroprotein 
etc. These factors suggest that there might have been an 
error in the mixing of the ration but this is not likely since 
the same company using the same ration reported typical in­
creased pig gains in Exp. 766D. 
The results obtained in these experiments stress the 
need for close control of such a product as thyroprotein. 
Where it is perhaps improperly used the results obtained may 
not be desirable, but rather, undesirable and costly to the 
swine producer. From the quantity of experimental data that 
has been collected to date it appears that there should be 
no deviation from the better practices that have been employed 
in this sequence of experiments including the previous work, 
Exp. 731—that is, full feed a ration high in energy and high­
ly fortified with vitamins and unidentified factors such as 
found in condensed fish solubles. 
All of the work conducted to date has been done with 
pigs weaned at 3 weeks of age or younger. Although the early 
weaning of pigs is definitely in the future for the better 
swine producers, there is need for research where pigs are 
allowed to nurse their dams up to 5 weeks of age. Thyropro­
tein has been shown to increase the persistance of milk 
secretion in the dairy cow and other species, but will the 
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same type of response be obtained with the sow? And further­
more, what effect will this ration have on the suckling pigs 
when they start eating substantial quantities of the sow feed? 
Also, what effect does a long thyroprotein feeding period have 
on the sow coming into estrus after weaning and on the repro­
ductive performance of the following litter? These are ques­
tions that need answers. 
Exp. 782 - Thyroprotein for 5 Week Lactation 
Objective 
The purpose of this experiment was to determine if the 
supplementation of lactating sow rations with 100 mg. thyro­
protein per lb. of ration would Increase 5 week pig weaning 
weights. The experiment was also designed to measure the 
effect on pig gain of the addition or withdrawal of thyropro­
tein on the seventh day postpartum and the sow weight changes 
during the nursing period and following weaning. Furthermore 
it was designed to ascertain if thyroprotein had any deleteri­
ous effect on sow reproductive performance. 
Procedure 
General management practices. These practices were the 
same as previously stated. 
Specific details for this experiment. The 16 sows were 
randomly allotted to two ration treatments, control and 
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control supplemented with 100 mg. thyroprotein per lb. of 
ration on the 110th day of gestation. At the same time one-
half of each group (four sows) was allotted to a ration cross­
over technique which was made on the seventh day postpartum 
as illustrated in the following plan: 
Farrowing to 7 days postpartum 
7 days postpartum to weaning (5 weeks) 
Control ration (4 sows) 
Control ration 
(8 sows) Thyroprotein ration (4 sows) 
Control ration (4 sows) 
Thyroprotein ration 
(8 sows) Thyroprotein ration (4 sows) 
The control ration is shown in Table 29. It is very 
similar to the ration used In Exp. 731. 
On the third day after farrowing each sow was weighed. 
On the seventh day postpartum the sows and litters were moved 
to four pen houses where each sow was individually penned and 
had free access to an individual self-feeder and fresh water. 
Artificial heat was provided for the pigs in a corner portion 
of each pen. The pigs were not creep fed a starter ration. 
The pigs were weaned on the afternoon of the 35th day 
postpartum. At this time the sows were also weighed and then 
individually penned, had free access to fresh water and were 
fed 1.25 lb. whole oats per 100 lb. body weight for 3 days. 
On the fourth afternoon they were weighed without being fed. 
After the post-weaning weight changes had been recorded 
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the sows were moved to a central housing area where the same 
feeding and management practices were provided for all sows. 
The sows were bred on the first estrus and 16 weeks later the 
farrowing record of the litter was recorded. 
Presentation of data 
The data for Exp. 782 are presented in Table 11 and 
Figures 8, 9 and 10. The control ration is presented in 
Table 29 and the statistical treatment of the data is shown 
in Tables 30 and 31 in the Appendix. 
Results 
The pigs nursing sows fed thyroprotein from farrowing 
to weaning gained 1.80 lb. more per pig than the controls and 
the group of pigs nursing sows fed thyroprotein from the 
eighth to the 35th day postpartum gained 1.35 lb. more than 
the controls. The pigs nursing the sows where thyroprotein 
was withdrawn from the ration on the eighth day were 1.30 lb. 
lighter than the control pigs. These data are presented in 
Figure 8. The group of pigs nursing sows where thyroprotein 
was fed during but withdrawn after the first week were the 
fastest gaining pigs at the end of the first week, but when 
thyroprotein was withdrawn the pig gain dropped sharply (see 
Figure 9) and never regained the pace set by the other three 
groups of pigs. The addition of thyroprotein on the eighth 
Table 11. Effect of the addition or withdrawal of thyroprotein to or from the sow 
lactation ration on sow and nursing pig performance (Exp. 782) 
110 day gestation 
to 7 day postpartum 
8 to 35 day postpartum 
Ration treatment 
Basal Thyroprotein 
Basal Basal 
Basal Thyroprotein 
Thyroprotein Thyroprotein 
Sows and litters, no. 4 4 
Sow wt. 110 day gestation, lb. 495.3 505.5 
Sow wt. 3 day postpartum, lb. 462.0 467.5 
Farrowing wt. loss, lb. 33.3 38.0 
Litter birth wt., lb. 25.9 33.8 
Litter wt. as percentage 
of farrowing loss 77.8 88.3 
Sow wt. 35 day postpartum, lb. 443.8 441.8 
Sow nursing loss, lb. 18.3 25.8 
Sow wt. 4 day post-weaning, lb. 396.5 391.5 
Sow post-weaning wt. loss, lb. 47.3 50.3 
Sow nursing and weaning 
wt. loss, lb. 65.5 76.0 
Feed consumed per sow, lb. 618 544 
Feed required per lb. 
pig gain, lb. 4.63 4.07 
Pigs nursing sows first day, no. 8.75 10.25 
Pigs weaned per sow, no." 8.50 9.25 
Pig birth wt. (pigs weaned), lb. 2.64 2.97 
Pig gain by weeks : 
First week, lb. 2.79 3.04 
Second week, lb. 3.54 2.76 
Third week, lb. 3.52 3.22 
Fourth week, lb. 2.78 2.72 
Fifth week, lb. 3.00 2.59 
Pig gain (0-35 days), lb. 15.63 14.33 
Total litter gain (0-35 days), lb. 133.6 133.7 
Litters, loose stools, 
25-30 day postpartum, no. % % 
4 
501.0 
470.0 
31.0 
24.4 
78.7 
439.5 
30.5 
403.0 
36.5 
67.0 
528 
4.58 
8.75 
6.75 
2.99 
2.61 
3.53 
4.29 
2.97 
3.58 
16.98 
115-2 
4 
488.0 
439.0 
49.0 
33.7 
68.4 
411.0 
28.0 
374.5 
36.5 
64.5 
608 
3.89 
9.25 
9.00 
3.26 
2.93 
3.25 
4.38 
3.33 
3.54 
17.43 
156.1 
Pigs nursing sows first day, no. 8.75 10.25 8.75 9.25 
Pigs weaned per sow, no.2 8.50 9.25 6.75 9.00 
Pig birth wt. (pigs weaned), lb. 2.64 2.97 2.99 3.26 
Pig gain by weeks : 
First week, lb. 2.79 3.04 2.61 2.93 
Second week, lb. 3.54 2.76 3.53 3.25 
Third week, lb. 3.52 3.22 4.29 4.38 
Fourth week, lb. 2.78 2.72 2.97 3.33 
Fifth week, lb. 3.00 2.59 3.58 3.54 
Pig gain (0-35 days), lb. 15.63 14.33 16.98 17.43 
Total litter gain (0-35 days), lb. 133.6 133.7 115-2 156.1 
Litters, loose stools, 
25-30 day postpartum, no. 3 3 0 1 
Farrowing record following 
5 week lactation 
Time from weaning to breeding, days 9.25 —3 „ 5.75 6 
Range, days ( 5-16) (4—) (5-6) (4-9) 
Sows farrowed, no. 4 3 4 4 
Pigs farrowed, no. 10.75 10.33 8.75 8.50 
Pig birth wt., lb. 3.04 3.19 3.15 3.84 
Visual classification of pigs: 
Strong, percent 81 84 89 100 
Medium, percent 5 13 3 
Weak, percent 14 3 8 
Dead, percent 
3-Sows include one first and three second litter sows per treatment. 
^Mortality occurred during the first 9 days. 
30ne sow failed to come into estrus for at least 60 days—150 days after 
weaning she did not appear to be pregnant. The average for the three remaining 
sows was 5.33 days. 
Figure 8- The effect on 5 week lactation performance from 
the addition or withdrawal of 100 mg. per lb. of 
thyroprotein to or from the sow ration (Exp. 782) 
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day markedly Increased pig gain. 
At 3 weeks of age there was a tendency for the pigs to 
root around the self feeder but it appeared that very little 
feed was actually eaten until they were over 4 weeks of age. 
There were no observed adverse side reactions on either the 
sows or the pigs—in fact, there were fewer pigs that had 
loose stools between the 25th and 30th day in the litters 
nursing the thyroprotein fed sows. 
The average sow daily feed consumption from farrowing to 
weaning was 17.6 lb. for the control sows and 17.4 lb. for the 
sows fed the ration supplemented with thyroprotein. As shown 
in Figure 10 the sows fed the thyroprotein ration lost 10 lb. 
more weight during the nursing period than the controls, but 
the sows on the control ration lost 12 lb. more during the 
4 day post weaning period. This difference in post weaning 
weight change was statistically significant P < .05. When the 
nursing and weaning weight changes were combined, there was 
no difference in the weight changes of the two groups of sows 
under these conditions. 
The feeding of thyroprotein for 4 or more weeks appeared 
to have no deleterious effect on the sow1s reproductive per­
formance. The sows fed the thyroprotein ration until weaning 
came into estrus and accepted the boar more uniformly and in 
a shorter period of time than the control sows. One of the 
sows which was fed the control ration at the time of weaning 
Figure 10. The effect on sow weight changes from lactation 
rations supplemented with 100 mg. per lb. 
thyroprotein (Exp. 782) 
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was observed daily for 60 days and did not come into estrus; 
she was left with the boar for an additional 90 days and at 
the end of the 150 day period she did not appear to be with 
pig. The remaining 15 sows became pregnant on the first 
service. The seven sows which were fed the control ration 
during the previous nursing period farrowed an average of 10.5 
pigs per litter that weighed an average of 3.1 lb. at birth 
wnile the eight sows that were fed the thyroprotein ration dur­
ing the same nursing period farrowed an average of 8.6 pigs per 
litter that weighed an average of 3.5 lb. at birth. All pigs 
farrowed were alive at birth. 
Discus slon 
Thyroprotein, used as a galactopoietlc agent for lactat­
ing sows, must be fed continuously from the first feeding 
until weaning. The data suggests that pigs will gain more 
than their controls regardless of whether the feeding of 
thyroprotein is initiated at the 110th day of gestation or 
the eighth day postpartum. However, when thyroprotein was 
withdrawn on the eighth day postpartum there was a sharp drop 
In pig gain probably resulting from a decreased milk secre­
tion. It is likely that the secretory activity of the thyroid 
gland returned to near normal in about 7 days after the with­
drawal of thyroprotein, as the gain of the pigs on thyroprotein 
fed sows approached those nursing control sows during the 
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third week. 
The reason for the week to week variation in pig gain is 
unknown unless it could be the result of a change in sow feed 
consumption. Although weekly feed records were not kept, it 
was not uncommon for some sows in all treatments to eat as 
high as 25 lb. feed per day during the second and third week 
of lactation. It was observed that, generally, the appetite 
of the sow decreased, in all treatments, as lactation progress­
ed beyond the third week. 
The sow weight changes during thyroprotein feeding prob­
ably resulted from a slight increase in metabolism resulting 
in higher milk secretion and also because of the increased 
elimination of water by the kidneys ( Turner, 1955). Thus when 
thyroprotein was withdrawn at weaning time the decrease in the 
rate of water elimination by the kidneys more than likely 
accounted for part of the difference in weight change- There 
is no data to suggest whether the 12 lb. less post weaning 
weight loss for the sows fed the thyroprotein supplemented 
ration during lactation is a true difference or merely a dif­
ference in fill possibly due to water retention. If it is a 
true difference in weight change, then the increase in weight 
loss which resulted from feeding thyroprotein during the 5 
week lactation period is of minor importance. 
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Exp. 794 - Thyroactive Compounds. Ne. 
Tetraiodo-L-thyronine (Thyroxine) and 
Na Triiodo-L-thyronine (T-3) for Lactating Sows 
Objective 
The purpose of this experiment was to determine if thyro-
active compounds, other than thyroprotein, had galactopoietic 
properties when fed to sows. Since thyroprotein is manufac­
tured to contain 1 percent thyroxine activity, crystalline 
thyroxine was the first compound tested. It was added et the 
rate of 1 mg. per lb. of ration and compared with the control 
ration and the control ration supplemented with 100 mg. thyro­
protein per lb. This investigation, Exp. 794A, was conducted 
simultaneously with Exp. 782 but will be reported under this 
experiment. 
Since crystalline thyroxine did not look promising as a 
galactopoietic agent for lactating sows, the main purpose of 
this experiment was to determine if Na triiodo-L-thyronine 
(T-3), reported to be two to five times as active as thyroxine, 
had galactopoietic properties when fed to sows. The remainder 
of the test was divided into Exp. 794B, a pilot study to deter­
mine a starting level for T-3; Exp. 794C, to compare levels of 
T-3 and to compare physiological responses in the sows; and 
Exp. 794D to compare what appeared to be the best level of T-3 
in the experiment above to the control ration with and with­
out air conditioning during the hot summer months of 1957. 
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IX T-3 could be shown to be galactopoletic, then the qual­
ity control of such a product would be simpler than for the 
crude thyroprotein. Furthermore, it had been observed that 
thyroprotein produced excessive sow weight losses under some 
field test conditions. This may have been the result of the 
type ration used or perhaps other factors, but it was hoped 
that this loss of weight, whether it was water or tissue, 
could be reduced or even avoided by feeding a hormone-like 
compound with greater activity per unit of weight than thyro­
protein. 
Procedure 
General management practices. These practices were the 
same as previously stated except that all sows were weighed 
on the third and 14th day postpartum. 
Specific details for this experiment. Exp. 794B was 
conducted to determine a starting level of T-3; two sows 
nursing litters were used. The original respiration rate, 
rectal temperature and heart rate were taken when the sows 
were on the control ration (Table 13). Then both sows were 
placed on the control ration supplemented with 400 meg. T-3 
per lb. and on the fourth day the physiological measurements 
were taken. At this time one sow was placed on the control 
ration supplemented with 600 meg. T-3 per lb. and the other 
sow was placed on the control ration supplemented with 800 
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meg. T-3 per lb. Two days later the same physiological 
measurements were repeated. 
As the result of the pilot test Exp. 7940 was conducted 
to evaluate the following ration levels of T-3: 0, 300, 400 
and 500 meg. per lb. of ration. These levels were fed to the 
sows from the 110 day gestation to the 14th day postpartum 
wnen the pigs were weaned. 
The rectal temperature and heart rate of each sow was 
recorded once between the 7th to 12th day postpartum during 
the hours of 9:00 P.M. to 2:00 A.M. when the building tempera­
ture was between 66 and 70° F. The heart rate was taken when 
the sow was at complete rest as previously described in Exp. 
731B. 
Using what appeared to be the best level of Na triiodo-
L-thyronine (T-3) in the previous experiment, Exp. 794D was 
conducted to verify whether the ration supplemented with 300 
meg. T-3 would increase the 2 week weaning weight of suckling 
pigs with and without air conditioning. The same air condi­
tioning facilities were provided as in the previous air condi­
tioning test, Exp. 731B. 
In 1956 it was not possible to maintain a constant tem­
perature of 70° F. for the 12 sows housed in the farrowing 
house equipped with a 5-ton Lennox air conditioning unit. 
Thus, to make sure there was a temperature differential be­
tween the two environments, the windows and doors were kept 
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closed in the non-air conditioned half of the farrowing house 
between the hours of 8:00 A.M. and 5:00 P.M. Also additional 
heat was provided to make sure the temperature was maintained 
above 80° F. during the 9 hours. 
The daily air temperature and percentage humidity were 
recorded in each half of the farrowing building. A wet bulb 
thermometer was used to determine the humidity. 
Presentation of data 
The data for Exp. 794 are presented as follows: Exp. 
794A where the effect of ration supplementation with 1 mg. 
crystalline thyroxine was investigated are presented in Table 
12 and Figure 11; Exp. 794B which was the pilot experiment 
with Na trilodo-L-thyronine are presented in Table 13; Exp. 
7940 which covered different levels of T-3 fed to mature sows 
for a 2 week lactation period are presented In Table 14 and 
Figure 12; and Exp. 794D, where T-3 with and without air con­
ditioning was studied, are presented in Tsble 15, Table 16 and 
Figure 13. The ration for Exp. 794A to Exp. 794D is presented 
in Table 29, and the statistical analysis of the data of Exp. 
7940 are presented in Table 32 in the Appendix. 
Results 
The data presented in Table 12 and Figure 11 indicates 
that crystalline thyroxine fed at 1 mg. per lb. of ration (the 
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theoretical equivalent of thyroprotein) did not increase first 
week pig gain. The pigs nursing the sows on the thyroxine sup­
plemented ration gained 2.52 lb. the first week, the controls 
2.70 lb. and the thyroprotein 2.99 lb. 
Results of the pilot assay for Na triiodo-L-thyronlne 
(Table 13) suggest that about 400 meg. per lb. of ration had 
little influence on the metabolic activity of the sow as 
measured by heart rate, rectal temperature and respiration 
rate. When the level of T-3 was increased to 600 or 800 meg. 
per lb. of ration the metabolic activity of the sow was in­
creased . The sow on the 800 meg. level was extremely restless 
and nad little desire to nurse her litter of pigs. Even 
though this sow was definitely in agony, probably due to hyper­
thyroidism, no adverse side reactions could be noted on the 
nursing pigs. 
Using the preceding pilot test as a guide for a larger 
investigation, Exp. 794C was conducted using 0, 300, 400 and 
500 meg. T-3 per lb. of total sow ration (Table 14 and Figure 
12). The pigs nursing sows fed the 300 meg. level of T-3 
gained 0.36 lbs. more during the first week but part of this 
was lost the second week. At the end of the second week the 
pigs nursing the control sows had gained 5.91 lb. and those 
on the 300 meg. level of T-3 had gained 6.18 for a difference 
of only 0.27 lb. Furthermore, it appeared that this level of 
T-3 had little influence on the metabolic activity of the sow 
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Table 12. The effect of ration supplementation with 1 mg. 
crystalline thyroxine per lb. on first week pig 
gains (Exp. 794A) 
Thyroprotein Thyroxine 
Control (100 mg./lb.) (1 mg./lb.) 
Sows, no. 
Pigs weaned, no-
Pig birth wt., lb. 
Pig gain, 0-7 day 
postpartum, lb. 
8 
8.75 
2.82 
2.70 
8 
9.75 
3.11 
2.99 
4 
9.75 
3.04 
2.52 
Table 13. Bio-assay pilot experiment with Na triiodo-L-
thyronine (T-3) (Exp. 794B) 
Treatment 
Respiration 
rate 
breath/mln. 
Rectal 
temo • 
°F~. 
Heart 
rate 
beats/ 
min. 
Room 
temp. 
op. 
Sow 4672 
Original 4/18/57 80 103.0 53 74 
T-3, 400 meg./lb. 4/22/57 60 102.8 53 68 
T-3, 600 meg./lb. 4/24/57 80 103.4 66 68 
Sow 4657 
Original 4/18/57 58 102.8 53 74 
T-3, 400 meg./lb. 4/22/57 53 102-7 54 68 
T-3, 800 meg./lb. 4/24/57 100 105.4 72 68 
or the postpartum udder condition; the heart rates were un­
changed but the rectal temperature was increased 0-9° F. 
The gain of the pigs nursing sows fed the 400 meg. level 
of T-3 was equal to the performance of the control sows. 
There was a definite increase in heart rate for the sows which 
Figure 11. The effect of sow lactation ration supplementation 
with 1 mg. crystalline thyroxine per lb. on first 
week pig gains (Exp. 794A) 
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Table 14. Effect of feeding mature sows different levels of 
Na triiodo-L-thyronine (T-3) for 2 week lactation 
(Exp. 7940 - spring 1957) 
Level of 
Na triiodo-L-thyronine (T-3) 
(meg./lb. of ration) 
0 300 400 500 
Litters, no. 12 6 6 6 
Pigs nursing first day, no. 9 .25 9 .50 8. 17 9 .83 
Pigs weaned, 2 weeks, no. 8 .33 9 .00 7. 83 9 .67 
Pig mortality (unknown 
causes) per litter, no. .92 .50 34 .26 
Birth wt. (weaned), lb. 3 .12 3 .23 3'. 09 2 .80 
Pig gain: 
First week, lb. 2 .54 2 .90 2. 82 2 .53 
Second week, lb. 3 .38 3 .27 3. 17 2 .90 
Total gain, lb. 5 .91 6 .18 5. 99 5 .42 
Total litter gain, lb. 48 .7 55 .9 46. 8 51 .9 
Sow wt. 110 day gestation, lb. 545 565 588 502 
Sow farrowing loss, lb. 46 38 53 40 
Sow nursing loss, lb. 20 22 15 35 
Feed per sow, lb. 123 126 124 125 
Physiological data, 
second week: 
Heart rate (beats/ 
min.), no. 58, .9 58, .7 60. 5 65. 2 
Rectal temp., °F. 102, .7 103, .6 103. 3 103, .7 
Sows, hard udder on 
second day, no. 4 1 1 2 
were fed the 500 meg. level of T-3 and furthermore the rate of 
pig gain was depressed below that of the control sows for both 
the first and second week of lactation. 
The levels of T-3 fed had no effect on total feed con­
sumed per sow for the 2 week period. The high level of T-3 
Figure 12.  Effect of feeding mature sows different levels 
of Na triiodo-L-thyronine (T-3) for 2 week 
lactation (Exp. 794C - spring 1957) 
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increased the average sow nursing weight loss from 20 lb. for 
tne control to 35 lb. for the 500 meg. level of T-3 while the 
other two treatments did not affect weight lossej. 
In order to verify the observations made in the preceding 
trial, Exp. 794D was conducted where 300 meg. T-3 per lb. of 
ration was tested with and without air conditioning. Neither 
T-3 or air conditioning increased first week pig gain in this 
experiment which involved 43 sows and litters (Table 15 and 
Table 16 and Figure 13). A very small increase in second week 
pig gain was observed in both the T-3 and air conditioning 
groups. For the 2 week period the increase in pig gain due 
to T-3 was 0«33 lb. and air conditioning 0.19 lb. Furthermore 
T-3 increased the feed consumption per sow from 118 to 123 
lb., but air conditioning increased it from 116 to 125 lb. 
Also T-3 increased the sow nursing loss from 25 to 31 lb., 
but air conditioning decreased this loss from 29 lb. to 26 
lb. There were four sows with a hard udder condition follow­
ing parturition on the control ration and one on the T-3— 
three in the non-air conditioned side and two in the air con­
ditioned side of the farrowing house. 
Discussion 
The results obtained from feeding crystalline thyroxine 
were not favorable. The results of Exp. 794A suggest that 
thyroxine, fed at the level of 1 mg. per lb. of ration does 
84 
Table 15. Summary of effect on suckling pig and sow 
performance of ration supplementation with 
Na triiodo-L-thyronine (T-3) with and without 
air conditioning (Exp. 794D - summer 1957) 
Level of T-3 
(meg./lb. ration) Temperature 
0 300 N.A • C • A.C. 
Litters, no. 22 21 22 21 
Pigs nursing first day, no. 10.20 9.80 9 .88 10.13 
Pigs weaned, 2 weeks, no. 9.33 9.11 9 .25 9.19 
Mortality (unknown causes) 
per litter, no. .87 .69 .63 to
 
Pig birth wt. (pigs 
weaned), no. 2.97 3.11 3 .05 3.04 
Pig gain: 
First week, lb. 2.49 2-53 2 .50 2.52 
Second week, lb. 2.80 3.09 2 .86 3.04 
Total gain, lb. 5.29 5.62 5 .36 5.55 
Total litter gain, lb. 48.8 51.4 49 .3 50.9 
Sow wt. 110 day 
gestation, lb. 479 508 505 483 
Sow wt. 3 days 
postpartum, lb. 443 458 459 441 
Farrowing loss, lb. 36 50 46 42 
Sow wt. 14 days 
postpartum, lb. 418 427 430 415 
Nursing loss, lb. 25 31 29 26 
Feed consumed per sow, lb. 118 123 116 125 
Sows with hard udder, no. 4 1 3 2 
Building temperature 
at 2:00 P.M., °F. 80.8 80-8 85, .5 76 
Building humidity 
at 2:00 P.M., percent 69.3 69.3 64, .0 74.5 
^N.A-C. - non-air conditioned; A.C. - air conditioned 
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Table 16. Effect on nursing pig and sow performance of 
ration supplementation with Na triiodo-L-thyronine 
(T-3) with and without air conditioning (Exp• 794D, 
summer 1957) 
Level of 
Na triiodo-L-thyronine (T-3) 
(meg./lb. ration) 
0 300 
N.A.C.I A.C. N.A.C. A.C. 
Litters, no. 11 11 11 10 
Pigs nursing first day, no. 10 .40 10.00 9. 35 10 .25 
Pigs weaned, 2 weeks, no. 9 .75 8.90 8. 75 9 .48 
Mortality (unknown causes) 
per litter, no. .65 1.10 . 60 .78 
Pig birth wt. (pigs 
weaned), no. 3 .02 2.92 3. 07 3 .16 
Pig gain: 
First week, lb. 2 .49 2.49 2. 51 2 .54 
Second week, lb. 2 .71 2.90 3. 02 3 .17 
Total gain, lb. 5 .19 5.39 5. 53 5 .72 
Total litter gain, lb. 50 .2 47.5 48. 3 54 .3 
Sow wt. 110 day 
gestation, lb. 500 459 509 508 
Sow wt. 3 days 
postpartum, lb. 464 422 454 461 
Farrowing loss, lb. 36 37 55 47 
Sow wt. 14 days 
postpartum, lb. 437 399 423 431 
Nursing loss, lb. 27 23 31 30 
Feed consumed per sow, lb. 117 119 115 131 
Sows with hard udder, no. 3 1 0 1 
Building temperature 
at 2:00 P.M., 1F. 85 .5 76.0 85. 5 76 .0 
Building humidity 
at 2:00 P.M., percent 64 74.5 64 74 .5 
^N.A.C. - non-air conditioned; A.C• - air conditioned 
Figure 13. Effect on suckling pig and sow performance of 
ration supplementation with Na triiodo-L-
thyronine with aad without air conditioning 
(Exp. 794D - summer 1957) 
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not have galactopoletic properties. Rather than attempting to 
investigate levels of crystalline thyroxine, it was decided 
to ascertain the galactopoietic properties of Na trilodo-L-
thyronine (T-3). A total of 75 eows were used in this se­
quence of experiments and the results were unimpressive and 
inconclusive. Of all the levels tested the 300 meg. level 
looked the best. There is some evidence that this level may 
act as a mild stimulate in slightly increasing milk secretion 
early in lactation, probably as the result of increased meta­
bolic activity. However, if the small first week increase in 
pig gain observed in Exp. 7940 was a true increase resulting 
from T-3, then its galactopoietic properties are very weak 
and are not lasting. 
Apparently the mode of action of T-3 may be different 
from thyroprotein or the level fed may have been too high. At 
high levels, T-3 increased heart rate, rectal temperature and 
respiration rate, but at all of the levels tested, its ability 
to increase milk secretion in the sow was questionable. 
Exp. 813 - Na Triiodo-L-thyronine (T-3) 
for 5 Week Sow Lactation 
Objective 
After reviewing the results of Exp- 794, it was apparent 
that T-3 was not producing the typical first week increased 
pig gains obtained in the former experiments where thyropro-
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teln had been Incorporated Into the ration. Thus, it was 
deemed advisable to further investigate the levels of T-3 for 
lactating sows through the 35th day postpartum. 
This was part of a large experiment involving several 
agricultural colleges coordinated by Merck and Co. It was 
known as "Operation Thyrofax". The Swine Nutrition Departments 
of the following colleges participated in "Operation Thyrofax": 
Iowa State College, Ames, Iowa, tested Na triiodo-L-thyronine 
(T-3); University of Minnesota, Minneapolis, Minnesota (Uni­
versity Farm, St. Paul, Minnesota), investigated Na tetraiodo-
L-thyronine (thyroxine); University of Nebraska, Lincoln, Neb­
raska, investigated Na tetraiodo-L-thyronine (thyroxine); 
University of Illinois, Urbana, Illinois, tested Na trliodo-
L-thyronine (T-3); University of Florida, Gainesville, 
Florida, tested Na triiodo-L-thyronine (T-3); and South Dakota 
State College, Brookings, South Dakota, tested both Na tri­
iodo-L- thyronine (T-3) and Na tetraiodo-L-thyronine (thyroxine). 
Procedure 
General management practices. These practices were the 
same as previously stated except that all sows were moved to 
individual conventional pens on the seventh day postpartum. 
Specific details for this experiment. In planning Exp. 
813 It was decided to test four levels of T-3, 0, 200, 300 and 
400 meg. per lb. of ration. This includes one lower level 
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than had been previously tested. The ration was changed 
slightly as wheat bran replaced ground beet pulp and dis­
tillers dried solubles were also added (Table 33). 
The 36 sows were randomly allotted to their respective 
ration treatment on the 110th day of gestation. On the seventh 
day postpartum they were moved from the farrowing stalls to 
small houses where each sow was individually penned and had 
access to a self-feeder and fresh water. The pigs were weaned 
on the 35th day postpartum. No starter ration was creep fed 
to the nursing pigs. 
Presentation of data 
Although this was part of a large cooperative experiment 
only the data gathered at this station will be presented. The 
summary of the experiment is presented in Table 17 and Figure 
14. The statistical treatment of the data are presented in 
Table 34 in the Appendix. 
Results 
The addition of 200, 300 or 400 meg. T-3 per lb. of lac­
tation ration did not improve 21 or 35 day pig gains although 
an increase in first week pig gain of 0.48 lb. was observed 
for the pigs nursing sows fed the 300 meg. level of T-3 (Fig­
ure 15). Of the three levels of T-3 tested in this experi­
ment, the middle level or the 300 meg. level looked the best 
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Table 17. Effect of feeding sows Na triiodo-L-thyronine 
(T-3) for 5 week lactation (Exp. 813, fall 1957) 
Level of 
Na triiodo-L-thyronine 
(meg./lb. ration) 
0 200 300 400 
Litters, no. 9 9 9 9 
Pigs nursing first day, no. 9 .00 9 .22 9 .89 10. 44 
Pigs weaned, 5 weeks, no. 7 .33 7 .56 8 .89 8. 89 
Pig mortality (unknown 
causes) per litter, 
0-7 days, no. .67 .33 22 
• 
78 
Birth wt. (weaned), lb. 2 .99 2 
H
 
CO 
2 
00 00 
2. 85 
Pig gain: 
0-7 days, lb. 2 .22 2 .36 2 .70 2. 39 
0-21 days, lb. 9 .69 8 .30 9 .51 8. 60 
0-35 days, lb. 18 .37 15 .16 15 .85 14. 75 
Total litter gain, lb. 131 .7 116 .8 139 .4 134. 0 
Sow wt. 110 day 
gestation, lb. 467 464 442 447 
Farrowing loss, lb. 30 27 32 44 
Nursing wt. change, lb. +21 +14 -10 -6 
Feed per sow, lb. 634 670 678 646 
Feed per sow per day, lb. 18 .1 19 .1 19 .4 18. 5 
^-Mature sows, 8; first litter sows, 1 
but pig gains on this level were not equal to the controls. 
The pigs nursing the sows fed the control ration gained an 
average of 18.37 lb. and the 300 meg. level of T-3 15.85 lb.; 
this difference was statistically significant P .05. The 
sows fed the 300 meg. level weaned 8.89 pigs per litter while 
the control sows weaned 7.33 pigs per litter; this difference 
was due partly to reduced pig mortality of 0.55 pig per litter 
Figure 14. Effect of feeding Na triiodo-L-thyronine (T-3) 
for 5 week lactation (Exp. 813, fall 1957) 
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on the T-3 treatment. Thus the increased litter size on the 
sows on the 300 meg. level of T-3 was largely responsible for 
the increased litter gain. 
The average daily sow feed consumption ranged from 18.1 
lb. for the control sows to 19.4 lb. for the sows on the 300 
meg. level of T-3. The average sow weight changes from 3 to 
35 days postpartum ranged from a gain of 21 lb. for the con­
trol sows to a loss of 10 lb. for the sows fed the 300 meg. 
level of T-3. The sows fed the 400 meg. level of T-3 lost 6 
lb. during the same period. These differences in weight 
change were statistically significant P (.05. 
Discussion 
The ability of Na triiodo-L-thyronine (T-3) to stimulate 
sow milk secretion, as measured by pig gain, is of question­
able value. It appeared that a level as low as 200 meg. T-3 
per lb. of ration depressed the milk secreting ability of the 
sow. If it can be assumed that the thyroid gland of the sow 
could secrete the difference in thyroid hormone between the 
quantity of T-3 absorbed into the circulatory system from the 
ration and the sow's normal thyroid-hormone secretion, then if 
T-3 was the active thyroid hormone for stimulating milk secre­
tion, there should have been little if any difference in pig 
gains providing hyperthyroidism did not exist. However, this 
was not the case as the pigs nursing sows fed the 200 meg. 
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level of T-3 gained only 82 percent as much as the controls. 
Furthermore, it was doubtful that hyperthyroidism existed as 
the gain in weight, on this level of T-3 was about the same 
as for the control sows. By increasing the level of T-3 to 
300 meg. per lb. of ration the sows lost some weight which 
could indicate mild hyperthyroidism. Thus it may be assumed 
that the 200 meg. level of T-3 did not cause appreciable hyper­
thyroidism and the compound fed orally was non-specific for 
stimulating milk secretion in the sow as measured by pig 
gains. 
Although the 300 and 400 meg. levels of T-3 may have 
produced mild hyperthyroidism, there was no Indication that 
either level stimulated milk secretion as measured by pig 
gain. 
Because of the failure of the two crystalline compounds, 
Na triiodo-L-thyronine (T-3) and Na tetraiodo-L-thyronine 
(thyroxine) to stimulate increased pig gains, work with 
crystalline products was abandoned. 
Exp. 869 - Thyroprotein Feeding Systems for 
Lactatlng Sows and Sow Milk Alkaline Phosphatase 
Objective 
Under the management practices which many swine producers 
follow, the sow is not confined to farrowing quarters until 
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milk has appeared in her udder sections a few hours before she 
farrows or until after she has farrowed- Under these condi­
tions it would be impossible to start feeding thyroprotein 
on the 110th day of gestation and the question had been 
asked, what effect would thyroprotein supplementation have 
if started immediately after farrowing? Also, it would be 
of interest to know if top-dressing thyroprotein on the sow1 s 
ration immediately after farrowing would be advantageous ; if 
tnis would work, then it might be possible to increase the 
milk supply to the pig the first 3 or 4 critical days of its 
life. 
Furthermore, it has been shown that if thyroprotein is 
fed to the dairy cow, the level of milk alkaline phosphatase 
is decreased as the quantity of milk production is increased. 
Since thyroprotein fed to the sow has been shown to increase 
the gain of suckling pigs, it would be of interest to know 
if it also decreased the quantity of milk alkaline phosphatase 
in sows milk. 
Thus these investigations were divided into two parts, 
Exp. 869A, to determine the effect of systems of feeding 
thyroprotein, and Exp. 869B, to ascertain what effect thyro­
protein, fed orally, would have on the alkaline phosphatase 
of sows milk. 
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Procedure 
General management practices• These practices were the 
same as previously stated. 
Specific details for this experiment. The only change in 
the ration used in these investigations from the ration used 
in Exp. 782 and 794 (Table 29) was that 25 mg. aureomycln per 
lb. ration replaced the penicillin. It was hoped that this 
addition might help eliminate some of the incidences of hard 
or caked sow udder sections observed in some of the earlier 
experiments on both the control and experimental rations (Exp. 
794C; Exp. 794D). 
In Exp. 869A the sows were allotted to their respective 
ration treatments on the 110th day of gestation. The experi­
ment was conducted as described in the plan below where the 
thyroprc-tein, which was fed as a topdressing, was mixed with 
the control ration at the rate of 0.5 g. per lb.; then during 
the first three days after farrowing 1 lb. of this mixture 
was fed twice daily and after it was eaten the control ration 
was full-fed three times daily just as the other three groups 
were fed. 
In Exp. 869B where milk alkaline phosphatase activity 
was measured, the sows were allotted to two treatments, the 
control ration and the ration containing 100 mg. thyroprotein 
per lb. on the 110th day of gestation. On the 14th day post-
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Ration feeding plan 
Gestation to farrowing 
(110th day) 
1. Control ration 
2. Control ration 
3. Control ration 
4. Thyroprotein ration 
Farrowing to weaning 
(14 days postpartum) 
Control ration full-fed to weaning 
First 3 days 1 g. thyroprotein per 
day with full feed of control 
ration then control ration full-fed 
to weaning 
Thyroprotein ration full-fed to 
weaning 
Thyroprotein ration full-fed to 
weaning 
partum all individual udder sections were milked into sepa­
rate glass containers and the milk was immediately chilled 
to 4° C. The same day a ration cross-over technique was used 
and those sows on the control ration were changed to the 
ration containing thyroprotein and the sows on the ration 
containing thyroprotein were changed to the control ration. 
On the 18th day postpartum the individual udder sections 
were again milked into separate containers and the milk was 
Immediately chilled to 4° C. 
The original plan was to use one of the methods of assay­
ing for milk alkaline phosphatase which required 2, 6 dlbromo-
quinonechloroimide as the indicator. However upon receiving 
this indicator, it was found to be inactive and fresh stock 
was not available from chemical supply houses in the United 
States. Thus, to complete the investigation, the assay for 
99 
determining the efficiency of milk pasteurization using 
crystalline p-nitrophenyl phosphate disodium^ as the sub­
strate was modified and adapted to a quantitative assay 
wnich could be read in a photoelectric colorimeter. 
Following is the modified assay technique used: 
1. Reagents used. 
A. Buffer. 
(1) prepare 0.1 N HC1 and standardize by titration 
(2) prepare 0.1 M NagCO^ (10.6 grams per liter) 
(3) prepare 0.1 M sodium barbitone (Na Barbitol) 
(20.6 grams per liter) 
(4) add 250 ml. of buffer solutions (2) and (3) to 
70 ml. of solution (l) (500 ml. of a mixture 
of solutions 2 and 3 could be used here. 
However, a few drops or 0.1 ml. chloroform 
per liter should be added as a preservative 
if this is done in advance.) 
B. Crystalline p-nitrophenyl phosphate disodium 
C. Buffer substrate 
Dissolve 1.5 grams of crystalline p-nitrophenyl 
phosphate disodium in solution A (4) above and 
make up to 1 liter with distilled water. Store 
this solution at 4 C. 
D. Precipitant 
Dissolve 25 g. trichloroacetic acid crystals in 
distilled water and make up to 50 ml.; add 50 
ml. concentracted HCl (approximately 36 percent) 
and mix thoroughly. 
E. Color restoring agent 
Sodium carbonate solution (8 percent). Dissolve 
80 g. anhydrous NagCO^ in distilled water and 
make up to 1 liter. 
Isigma 104 Phosphatase Substrate, Sigma Chemical Co., 
3500 DeKalb Street, St. Louis 18, Missouri. 
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2- Assay technique. 
Store test tubes, test tube rack, and buffer 
substrate at 4° C. Place 5 ml. of cold (4° 0.) buf­
fer substrate solution in requisite number of test 
tubes (approximately 2.0 x 14.5 cm.). Add 1 ml. of 
cold (4° C.) sows milk per tube. Stopper with a 
rubber stopper and mix well. Incubate for 1 hour at 
37° C.; remove tubes from incubator, place in cold 
water and Immediately add 1 ml. per tube of the acid 
precipitant solution. Add 8 ml. distilled HgO per 
tube. Filter through No. 42 filter paper and trans­
fer 5 ml. of filtrate to clean test tube. Restore 
color by the addition of 5 ml. of 8 percent NagCOg 
solution. Read in photoelectric colorimeter at 
420 mm. 
3. Principle of the test"*" 
Phosphatase 
p-nltro phenyl phosphate 
+ HgO heat 
p-nitrophenol 
+ H3PO4 
(colorless in acid and 
alkali) 
(colorless in 
acid, yellow 
in alkali) 
^•Sigma Technical Bulletin No. 104, Sigma Chemical Co., 
3500 DeKalb Street, St. Louis 18, Missouri. 
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Presentation of data 
The data for Exp. 869 are presented as follows: Exp• 
869A where the effect of different systems of feeding thyro­
protein were studied is presented in Table 18 and Figure 15; 
the statistical analysis of the data is presented in Table 35. 
Exp. 869B where milk alkaline phosphatase was studied is 
presented in Tables 19 and 20 and Figures 16 and 17; the 
statistical analysis of the data is presented in Table 36. 
A summary of the above two sections of Exp. 869 is presented 
in Table 21 and Figure 18; the statistical analysis of the 
combined data is presented in Table 37. 
Results 
In Exp• 869A where 1 gram of thyroprotein was fed daily 
per sow the first 3 days after farrowing and th n withdrawn, 
the average first week pig gain was not improved over the con­
trols. The pigs nursing the control sows gained 2.45 lb. dur­
ing the first week and those nursing the sows fed ^byroprotein 
the first 3 days after farrowing gained 2.17 lb. The second 
week pig gain when both of the above groups of sows were on 
the control ration was almost Identical, 2.96 lb. and 2.87 
lb. (Table 18 and Figure 15). 
When thyroprotein supplementation was started on the 
110th day of gestation or Immediately after farrowing there 
was an increase in pig gain over the pigs nursing the control 
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Table 18. Effect of three systems of feeding thyroprotein 
on 2 week pig gain (Exp. 869A) 
Thyroprotein treatment 
™rn—^— u) crj— 
110 day 
0—3 day 0-14 day gestation 
post- post- 14 day 
partum partum postpartum 
Litters, no. 10 10 10 10 
Pigs nursing first 
day, no. 9 .1 9.2 9 .0 9 .8 
Pigs weaned, 2 wk., no. 8 .7 8.1 8 .5 8 .9 
Pig mortality (unknown 
causes) per litter, 
no. .4 .7 .4 .7 
Pig birth wt. 
(weaned), lb. 2 .77 2.94 3 .02 2 .84 
Pig gain: 
0-7 days, lb. 2 .46 2.17 2 .66 2 .52 
8-14 days, lb. 2 .96 2.87 3 .47 3 .43 
Total 0-14 days, lb. 5 .42 5.03 6 .13 5 .94 
Total litter gain, lb. 47 .30 41.45 51 .28 53 .54 
Sow wt. 110 day 
gestation, lb. 422 430 490 466 
Farrowing loss, lb. 23 17 35 29 
Nursing loss, 3-14 
day postpartum, lb. 18 22 30 22 
Feed per sow, lb. 160 161 165 166 
Sows with hard 
udders, no. 0 0 0 0 
sows for both the first and second week for both treatments. 
There was no advantage gained by starting the feeding of 
thyroprotein before farrowing as both first and second week 
pig gain was slightly greater where the treatment was started 
Immediately after farrowing. 
Figure 15. Effect of three systems of feeding thyroprotein 
to lactating sows on pig gain to 2 weeks (Exp. 
869A) 
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When the data for the 2 week pig gain were analysed 
statistically, the combined treatments (control vs. control 
plus thyroprotein for the first 3 days) were statistically 
different P .10 from the two treatments where thyroprotein 
was fed from 0 to 14 days postpartum (Table 35). 
The sow nursing weight loss from the third day postpartum 
to weaning were 18 lb. for the control, 22 lb. for the group 
fed thyroprotein for 3 days following parturition and 30 and 
22 lb. for the two groups fed thyroprotein continuously from 
farrowing. These weight changes were not statistically dif­
ferent P {.05. 
The sow feed consumption for the 14 days ranged from 160 
lb. for the control sows to 165 and 166 lb. for the two groups 
of sows fed thyroprotein continuously from parturition to 
weaning. These values were not statistically different P< 
.05. 
Although there was some indication of inflammation in 
the udder of sows at the time of parturition, this condition 
did not persist in any sow- At no time was the condition 
serious enough to necessitate therapeutic treatment. There 
were no observed adverse effects on either the sows or the 
litters from full feeding the sow from farrowing to weaning. 
In Exp. 869B there was a large variation in the milk 
alkaline phosphatase of the sow's Individual udder sections 
with the standard deviation of the milk alkaline phosphatase 
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values from some of these sets of udder sections ranging as 
high as 94 per cent (Table 20). The average milk alkaline 
phosphatase for the ten control sows was 8.84 + 7.74 and for 
the ten sows fed the thyroprotein supplemented ration 7.22 + 
5.78. The differences of these values did not approach 
statistical significance P<f-25. The correlation between 
milk alkaline phosphatase and 2 week pig gain was -0.38 (Table 
36 and Figure 17). 
When the sows on the control ration were changed on the 
14th day postpartum to the thyroprotein supplemented ration, 
the milk alkaline phosphatase decreased in six of the sows, 
remained constant in one sow and Increased in three sows. 
When the opposite crossover was made where the sows on the 
thyroprotein ration were changed to the control ration, the 
milk alkaline phosphatase increased in all ten sows. 
When the data for the 50 sows and litters of Exp. 869A 
and Exp. 869B are combined (excluding the group where thyro­
protein was fed for the first three days postpartum) the pigs 
nursing the sows fed the thyroprotein supplemented ration 
outgained their controls by 0.45 lb. the first week and 0.40 
lb. the second week for a total 2 week Increase of 0.85 lb. 
or 16 per cent (Table 21 and Figure 18). This increase in 
pig gain was statistically significant P <.01. Also, for 
the sows that were fed thyroprotein, there was a decrease of 
0.43 pigs per litter that died during the 2 week period (Table 
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Table 19. The effect on pig gain, sow performance, and milk 
alkaline phosphatase from ration supplementation 
with 100 mg. thyroprotein per lb. (Exp. 869B, 
spring 1958) 
Treatment 
Control Thyroprotein 
Litters, no. 
Pigs nursing first day, no. 
Pigs weaned, 2 week, no. 
Pig mortality (unknown causes) 
per litter, no. 
Pig birth wt. (weaned), lb. 
Pig gain: 
0-7 day, lb. 
8-14 day, lb. 
Total 0-14 day, lb. 
Total litter gain, lb. 
Sow wt. 110 day gestation, 
Farrowing loss, lb. 
Nursing loss, lb. 
lb. 
Feed per sow, lb. 
Sows with hard udder, no. 
Milk alkaline phosphatase 
(meg. P./ml. mllk/hr.)1 
Standard deviation of average 
individual sow milk alkaline 
phosphatase values 
10 
10.10 
8.50 
1.60 
2.88 
2.13 
3.05 
5.18 
44.19 
459 
32 
22 
164 
0 
8.84 
10 
9.60 
9.00 
.60 
3.07 
3.02 
3.37 
6.39 
57.50 
504 
28 
45 
160 
0 
7.22 
+ 7.44(84$ + 5.78(80#) 
Average value for all milking udder sections on 14th 
day postpartum 
21), an Increase of 8.36 lb. in total litter gain, and an 
increase of 4 lb. sow weight loss from the 110 day gestation 
to 3 day postpartum and an increased sow weight loss of 12 
lb. from 3 to 14 day postpartum. The latter weight loss was 
Figure 16. The effect of thyroprotein supplementation of 
the sow lactation ration on milk alkaline 
phosphatase and pig gain (Exp. 869B) 
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Table 20. Milk alkaline phosphatase activity of individual 
udder sections of sows fed the control or the 
thyroprotein supplemented ration including the 
cross-over to the opposite ration (Exp. 869B, 
spring 1958) 
Milk alkaline phosphatase activity 
(meg. P per ml. milk per hr.) 
Litter Control ration Cross over to 
mean (0-14 day thyroprotein Percentage 
pig gain postpartum)1 ration^ change 
lb. Mean Sd. Mean Sd. % 
4.87 6.13 3.61 3.86 1.14 63 
4.44 8.62 4.12 7.27 4.33 84 
5.44 5.37 .56 4.33 .30 81 
5.10 9.45 3.75 7.10 2.04 75 
6.30 4.39 .52 3.29 .32 75 
5.01 3.81 1.04 3.78 .77 99 
5.56 5.24 3.50 3.44 1.07 66 
4.97 7.56 7.08 23.17 13.79 306 
5.43 8.43 6.13 21.89 14.89 260 
4.57 29.39 7.49 35.13 4.78 119 
5.18 8.84 3.78 13.13 4.34 122.8 
+ 7.47 + 8.83 
Thyroprotein ration Cross over to _ 
(0-14 day postpartum)! control ration^ 
6.80 7.06 .80 13.77 3.42 195 
6.80 5.89 1.67 7.74 4.02 131 
7.89 5.53 .71 5.76 .36 104 
6.44 1.93 .41 3.12 .57 162 
5.71 2.29 .37 3.26 .76 142 
5.45 2.99 .87 6.34 1.73 212 
7.40 4.70 .86 20.42 5.14 434 
4.30 13.10 5.70 23.36 13.97 178 
5.47 20.82 9.77 29.86 4.20 143 
7.60 7.93 2-54 13.28 3.92 167 
t.39 7.22 2.37 12.69 3.81 186.8 
+ 5.78 +• 9 • 21 
3-Sows milked on 14th day postpartum 
2Sows milked on 18th day postpartum 
Figure 17. Correlation of milk alkaline phosphatase and 
2 week mean pig gain (Exp. 869B, spring 1958) 
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Table 21. The effect on pig gain and sow performance from 
ration supplementation with 100 mg. thyroprotein 
per lb. (Exp. 869A and Exp. 869B, spring 1958) 
Thyroprotein 
Ô 100 rag./lb. 
Litters, no. 20 30 
Pigs nursing first day, no. 9.60 9.47 
Pigs weaned, 2 week, no• 8.60 8.80 
Pigs died, no.l 1.00 .57 
Pig birth wt. (weaned), lb. 2.83 2.98 
Pig gain: 
0-7 days, lb. 2.30 2.75 
8-14 days, lb. 3.00 3.40 
Total 0-14 days, lb. 5.30 6.15 
Total litter gain, lb. 45.75 54.11 
Sow wt. 110 day gestation, lb. 441 487 
Farrowing loss, lb. 27 31 
Nursing loss, lb. 20 32 
Feed per sow, lb. 162 164 
Sows with hard udders, no. 0 0 
Ipigs died from unknown causes 
statistically significant P (.01. There 
difference in total feed consumption for 
sows. 
Discussion 
Prior to this experiment, except for Exp. 782, the 
feeding of the thyroprotein supplemented ration was initiated 
on the 110th day of gestation on the theory that this treat-
appeared to be no 
the two groups of 
Figure 18. The effect of thyroprotein supplementation of 
the sow lactation ration on 2 week pig gain 
and pig llvability (summary of Exp. 869A and 
Exp• 869B) 
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ment would possibly increase the response obtained. Results 
of this experiment do not confirm that theory as there were 
no appreciable differences when the thyroprotein ration was 
first fed at the 110th day of gestation or immediately fol­
lowing parturition. However, when 1 g. of thyroprotein was 
added to the daily ration, the first 3 days following parturi­
tion, there was no increase in pig gain the first week - in 
fact this treatment may have actually depressed first week pig 
gains. 
The possibility of using sow milk alkaline phosphatase as 
a tool for measuring the galactopoietic properties of milk 
stimulating thyroid hormone like products appears rather re­
mote. The individual sow variation in the response to thyro­
protein would appear to render this assay invalid. The corre­
lation of -0.38 between 14 day milk alkaline phosphatase and 
0-14 day pig gain would be of questionable value in predicting 
pig gain from milk alkaline phosphatase; this is especially 
true after observing Figure 17 as it is apparent that two 
values contributed a large part of the above correlation. 
As observed in the earlier experiments, full-feeding sows 
from parturition to weaning appeared to produce no adverse 
effects in either the sow or the litter. 
During the 90 day course of this experiment, which in­
volved 60 sows, there were no individuals which required 
medication for a hard or caked udder condition. It cannot be 
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determined whether this was the result of the extremely dry 
weather or the addition of 25 mg. aureomycin per lb. of 
ration. 
It is apparent that sows fed thyroprotein will lose more 
weight during the nursing period than their controls. Under 
the conditions employed in this experiment, this loss was not 
excessive. Furthermore it would appear that during the early 
life of the pig, the value of the increased pig gain and 
llvabllity would more than offset the value of the increased 
weight loss of the sow - this would be especially true where 
early weaning prior to 3 or 4 weeks of age was the practice. 
As a matter of fact, where sows are kept in the herd for sev­
eral litters some weight loss during the nursing period may 
have a favorable influence in keeping the sow from getting 
too fat. 
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GENERAL DISCUSSION 
In the series of experiments conducted at the Iowa State 
College Swine Nutrition Research Farm, Ames, Iowa, all sows 
were full-fed from farrowing to weaning. The ration fed con­
tained 16 percent protein, was relatively high In energy, and 
was well fortified with vitamins, minerals and ingredients 
containing unidentified growth factors. Under these condi­
tions, full-feeding the sow immediately after farrowing did 
not appear to be deleterious to either the sow or the litter. 
However, it is questionable if this full-feeding practice 
could be followed with an unbalanced ration poorly fortified 
with vitamins and minerals. 
The addition of the optimum level of thyroprotein deter­
mined, namely 100 mg. per lb. of ration, produced an increase 
in pig gains which resulted in heavier weaning weights of 
pigs at 1, 2, 3 and 5 weeks of age. The increased pig gains 
were statistically significant P <.05 in the experiments 
where the pigs were weaned at 1 and 2 weeks of age, and at 
P .15 where the pigs were weaned at 3 weeks of age. The pigs 
weaned at 5 weeks of age gained 1.8 lb. more than their con­
trols; this experiment involved small numbers and the differ­
ence in gain did not approach significance P .05. The in­
crease in gain was accompanied by a decrease in pig mortality 
of from 0 to 0.59 pig per litter in different experiments 
with an average of 0.3? pig per litter in the 276 litters 
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from seven experiments; this excludes all data even where a 
ration cross over technique was employed. Sow lactation 
rations supplemented with 50 or 200 mg. thyroprotein per lb. 
did not improve first week pig gain; the latter increased the 
metabolic activity of the sow (Exp.'731A). 
It has been shown that the withdrawal of thyroprotein 
on the seventh day postpartum resulted in a sharp drop in 
second week pig gain (Exp. 782). This is similar to the de­
crease in milk production by the cow after the withdrawal of 
thyroprotein (Swanson, 1954). It has also been shown that an 
increase in pig gain was not obtained by including thyropro­
tein in the ration, at the rate of 1 g. per day, the first 
3 days after farrowing (Exp. 869A). Thus, It appears that 
the only logical way to feed thyroprotein to lactating sows 
is to incorporate it in the sow lactation ration beginning 
either a few days before farrowing or at farrowing and feed it 
continuously until the pigs are weaned. When the pigs are 
weaned, simultaneously withdraw the thyroprotein ration. How­
ever, later research may prove it desirable, in lactation 
periods in excess of 3 or 4 weeks, to withdraw thyroprotein 
2 to 3 days before weaning. This would result in a drop in 
milk production and probably force the pig to consume more 
dry feed which may assist in the pig becoming adapted to the 
new dry diet. 
Work reported recently, patterned after the procedures 
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followed in this dissertation, support the foregoing observa­
tions (Peo and Hudman, 1958). The pigs nursing the sows fed 
thyroprotein gained 1.4 lb. more per pig than their controls 
in a 5 week lactation. The death losses from those litters 
on the thyroprotein fed sows were only about half those in 
the control litters. In the first test 91.2 percent of the 
pigs from the thyroprotein fed sows were alive at 5 weeks 
compared with 81.4 percent for the controls. In the second 
test the thyroprotein fed sows lost 8.3 percent of their pigs 
in the first 5 weeks and the control sows lost 18.3 percent. 
In addition to the increase in sow lactation performance the 
sows lost an additional 36 lb. during the 5 week period. 
The use of thyroprotein may not always result in improved 
brood sow performance. In the following experiment, reported 
by the Illinois Agricultural Experiment Station, the ration 
used was low in vitamin fortification and energy; it contained 
10 percent dehydrated alfalfa meal, 26 percent wheat bran, 
26.5 percent oats, 26 percent corn, 6.5 percent meat and bone 
scraps, 4 percent linseed oil meal, 0.5 percent trace-mineral­
ized salt and 0.5 percent vitamin B^g antibiotic supplement. 
The feed consumption of the first litter sows was extremely 
low on this bulky ration; during the first 13 days after 
parturition the average daily feed consumption of the control 
sows was 7.59 lb. and those on tyroprotein 5.84 lb. The low 
energy ration and the low feed consumption of the sows fed the 
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thyroprotein ration undoubtedly contributed to the increased 
sow weight losses of an additional 18 lb. during the 0-13 day 
partpartum nursing period. Even under these adverse condi­
tions, the pigs nursing the thyroprotein fed sows gained 8.5 
percent more than their controls (Dudley et al-, 1957a). 
Continued work by these researchers follows the same trend; 
however, in one experiment conducted on alfalfa pasture, no 
differences in sow weight changes were reported (Dudley et 
al., 1957b). 
The above observations are in agreement with findings in 
the dairy world. A lack of feed is one of the most common 
troubles in poor milk production. In these cases the feeding 
regime must be corrected before any sustained stimulus from 
thyroprotein feeding may be expected (Swanson, 1957). Fur­
thermore, body weight changes in the cow are directly propor­
tional to the dose of thyroprotein (Leech, 1950). Thus, on 
a low energy ration the dose of thyroprotein per calorie feed 
intake would be increased accordingly. Further research could 
reveal that the level of energy, vitamin and mineral fortifi­
cation, and type of raw Ingredients used may determine the 
quantity of thyroprotein a ration will support. 
Limited experimental work with Na tetralodo-L-thyronlne 
(thyroxine) indicated that 1 mg. per lb. of ration, the the­
oretical equivalent of thyroprotein, would not stimulate first 
week pig gains (Exp. 794A). Thus it was decided to discon­
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tinue working on this product and concentrate on Na triiodo-
L-thyronine (T-3). 
Although Na triiodo-L-thyronine (T-3) fed orally to sows 
increased the heart rate, rectal temperature, and respiration 
rate, it did not appear to be a glactopoietic compound. 
Levels of T-3 were fed ranging from 200 to 800 meg. per lb. 
of ration. The higher levels, 500, 600 and 800 meg. per lb., 
definitely increased the metabolic activity of the sow. Of 
all the levels tested, the 300 meg. level of T-3 performed the 
best; in Exp. 7940 and Exp. 794D, where the pigs were weaned 
at 2 weeks of age, an increase in gain of approximately 0.3 
lb. was obtained. This increase is only a fraction of the 
increased gain obtained with thyroprotein (Exp. 766A and 
Exp. 869-A and Exp. 869B) . When the lactation period was ex­
tended to 5 weeks the pigs nursing the sows fed the control 
ration outgained the pigs nursing the sows fed the best level 
of T-3 (300 meg. per lb. ration) by 2.5 lb.; this difference 
was not statistically significant P t.05 (Exp. 813). 
The reason for the inability of the two crystalline com­
pounds, thyroxine and T-3, to increase milk secretion when fed 
orally to the sow is unknown. Since neither of these com­
pounds were given by injection and since no isolation of 
these compounds from the circulatory system was attempted, it 
would be impossible to definitely say why no response was 
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obtained. However, it may be postulated that some of the fol­
lowing conditions may exist: (l) the single amino acid com­
pounds, thyroxine and T-3, may undergo degradation or conjuga­
tion in the digestive tract which alter their specificity; 
(2) these compounds may not be specfic for milk secretion in 
the sow, and (3) these compounds may undergo degradation or 
conjugation in the circulatory system thus losing their 
activity before they reach the mammary tissue. 
There also appears to be a difference in the mode of 
action of thyroprotein and T-3 with regard to growth. As 
discussed in the review of literature, thyroprotein has been 
reported to rather consistently increase pig gain under drylot 
conditions and also improve feed efficiency. Although the 
amount of data on pig growth studies is limited, T-3 has been 
reported to depress pig gain and decrease feed efficiency 
(Wallace et al., 1957). 
The experimental work included in this dissertation is 
not sufficient to establish the value of using air condition­
ing to improve sow lactation performance during hot summer 
months. The 5-ton air conditioning unit used in the section 
of the farrowing unit housing the 12 sows and litters did not 
have sufficient cooling capacity to keep the temperature at 
70° F. Since all the excreted products of metabolism (urine 
and feces) from the sows and litters are excreted within the 
building, a tremendous quantity of air was required to elimin­
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ate odors. This large quantity of required air exchange re­
duced the cooling capacity of the air conditioning unit. Fur­
thermore, as the temperature of the air was lowered approxi­
mately 10° F. its capacity to hold water was reduced and 
moisture build-up became a problem; this made it necessary 
to clean and bed the pens twice daily. Under these condi­
tions there were no appreciable differences in either first 
or second week pig gain, but there was an increase in pig 
mortality in the air conditioned side of the building of 0.28 
pig per litter. 
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SUMMARY 
These Investigations were conducted between May 1956 
and June 1958; they were divided into 17 experiments and in­
clude data from 505 sows and their litters. Twelve of these 
experiments were conducted with thyroprotein using a total 
of 390 sows and litters; 356 of these sows and litters were 
involved in experiments where half of the sows were fed on 
thé optimum level of thyroprotein tested, 100 mg. per lb. 
ration, from farrowing to weaning. Five experiments, which 
included 115 sows and litters, were conducted where Na 
tetralodo-L-thyronine (thyroxine) and Na triiodo-L-thyronine 
(T-3) were investigated. The following points summarize these 
investigations: 
1. Of the levels of thyroprotein tested, 0, 50, 100 and 
200 mg. per lb. of ration, the 100 mg. level produced an in­
creased gain of pigs weaned at 1 week of age of 0.56 lb. or 
27 percent. This difference in gain was statistically sig­
nificant P <.01. The above level of thyroprotein did not 
appreciably affect the sows' heart rate, rectal temperature, 
respiration rate or feed consumption; furthermore, there were 
no statistical differences due to treatment between the milk 
fat, milk solids non-fat or total milk solids. The 50 and 
200 mg. level had no appreciable effect on first week pig 
gain; the higher level increased the sow rectal temperature 
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and respiration rate. There were no observed adverse side 
reactions noted on the nursing pigs in any of the levels of 
thyroprotein tested. 
2. Pigs nursing sows fed thyroprotein and weaned at 2, 
3 or 5 weeks of age also gained more than their controls. 
The pigs weaned at 2 weeks of age gained statistically more 
than their controls P <.05. Those weaned at 3 weeks of age 
also gained statistically more than their controls P <.15. 
The pigs weaned at 5 weeks of age gained 1.8 lb. more than 
their controls; this difference was not statistically signifi­
cant . 
3. The increase in pig gain observed above was accom­
panied by a decrease in pig mortality of an average of 0.37 
pig per litter. 
4. The use of thyroprotein for the first 3 days follow­
ing farrowing resulted in a depression in first week pig gain. 
The withdrawal of thyroprotein on the seventh day postpartum 
produced a depression in second week pig gain. 
5. VJhen sows were fed a relatively high energy ration, 
well fortified with protein, vitamins, minerals and sources 
of unidentified growth factors - those fed the thyroprotein 
supplemented ration lost approximately 6 lb. more during the 
period from 110 day gestation to 3 days postpartum and 12 lb. 
more during the nursing period. The sows on the control 
ration lost 12 lb. more during the first 4 days post weaning. 
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6. Thyroxine fad to lactating sows at the rate of 1 mg. 
per lb. of ration (the theoretical equivalent of thyroprotein) 
did not improve first week pig gains. 
7. T-3 fed to lactating sows, at the rate of 500, 600 
and 800 meg. per lb. of ration, Increased sow heart rate, 
rectal temperature and respiration rate. 
8. T-3 fed to lactating sows, at the rate of 300, 400 or 
500 meg. per lb. of ration did not appreciably affect the 
first 2 week pig gains. 
9. T-3 fed to lactating sows, at the rate of 200, 300 
or 400 meg. per lb. of ration depressed 5 week pig gains. 
10. Air conditioning during the hot summer months did 
not appreciably affect 2 week pig gain or sow performance. 
11. Under the conditions of these experiments there were 
no observed adverse effects noted from full-feeding the sow 
a well balanced, highly fortified ration from farrowing to 
weaning. 
12. The correlation between sow 14 day milk alkaline 
phosphatase and 2 week pig gain was -0.38. 
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Table 22•  Composition of control ration for Exp. 731 
Ingredients Pounds 
Yellow corn (ground) 40=05 
Oats (ground) 20.00 
Beet pulp (dried and ground) 5.00 
Solvent soyoean oil meal (44$ protein) 10.00 
Meat and bone scraps (50j% protein) 5.00 
Sweet dried whey 5.00 
Denydrated alfalfa meal (17% protein) 10.00 
Condensed fish solubles 2.50 
Dicalcium phosphate (26# Ca, 18% P) 0.50 
Salt (iodized) 0.50 
Trace mineral premixa (35C-41, CCC Swine) 0.20 
Vitamin antibiotic premixb 1.25 
100.00 
Calculated analysis 
Protein, percent 16.18 
Fat, percent 2.76 
Ficer, percent 7.82 
Calcium, percent 0.90 
Phosphorus, percent 0.66 
Vit. A, I.U. per lb. 7,900 
Vit. Dg, I.U. per lb. 500 
Riboflavin, mg. per lb. 3.0 
Pantothenic acid, mg. per lb. 10.1 
Niacin, mg. per lb. 25.0 
Choline, mg. per lb. 452.5 
Vit. Bi2, meg. per lb. added 10.0 
Thiamine, mg. per lb. 3.1 
Penicillin, mg. per lb. 10.0 
^Contributes per lb. ration: Fe, 64 mg.; Cu, 4.4 mg.; 
Co, 1.42 mg.; Zn, 74,2 mg.; Mn, 51.6 mg. and K, 6.8 mg. 
^Contributes per lb. ration: Vit. Dg, 500 I.U.; ribo­
flavin, 1.0 mg.; pantothenic acid, 5.0 mg.; niacin, 13.0 mg.; 
choline, 30 mg.; Vit. B%g, 10 meg.; thiamine 1.5 mg.; pen­
icillin, 10 mg. 
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Table 23. Analysis of variance0 plan and observed mean 
squares for litter mean pig gain of the control 
and thyroprotein supplemented ration for com­
bined data of Exp. 731A and Exp• 73IB 
Source of variation Degrees of freedom Mean squares 
Total 45 
Treatment 3 1.4033b 
Sows vs. gilts 1 0.1296 
Control vs. thyroprotein 1 3.6883° 
Error 42 0.3931 
aSnedecor, 1953. 
^Statistically significant P < .01 
Table 24. Analysis of variance^ plan and observed mean 
squares for litter mean pig gain and milk solids 
of the control and thyroprotein supplemented 
ration for Exp. 731C 
Observed mean squares 
Degrees Milk Total 
Source of of Pig Milk solids milk 
variation freedom gain fat non-fat solids 
Total 29 
Treatment 3 0.81 4.30. 0.56 5.29 
Sows vs. gilts 1 0.21 10 .56 0-08 8.54 
Control vs. 
thyroprotein 1 2.17b 0.23 0.64 1.63 
Error 26 0.32 2.37 4.61 4.45 
aSnedecor, 19 53. 
^Statistically significant P <.05 
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Table 25. Analysis of variance® plan and observed mean 
squares for litter mean pig gain of the control 
and 100 mg. thyroprotein per lb. ration for 
Exp. 731 (731A, 73IB and 731C) 
Source of variation 
Degrees 
of 
freedom 
Mean 
Gain 
per pig 
squares 
Pigs 
per litter 
Total 75 
Treatment 7 0.8960° 1.6240 
Sows vs. gilts 1 0.3744 
Thyroprotein vs control 1 5•7023 0-8160 
Error 68 0.3178 3.4900 
aSnedecor, 1953 
^Statistically significant P < .01. 
Regression coefficient, pigs per litter x gain: b = 
Correlation coefficient, pigs per litter x gain: r 
Correlation coefficient, pig birth wt. x gain: r = 
-0.106 
= -0.35 
-0.33 
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Table 26. Comnosition of control ration for Exp. 766A and 
Exp'. 766B 
Ingredients Pounds 
Yellow corn (ground) 35.0 
Oats (ground) 15.0 
Beet pulp (dried and ground) 5-0 
Wheat standard middlings 10.0 
Solvent soybean oilmeal (44% protein) 7.5 
Meat and bone scraps ( 50/6 protein) 2.5 
Sardine meal (70% protein) 2.5 
Dried sweet whey 5.0 
Dehydrated alfalfa meal (17% protein) 10.0 
Stabilized yellow grease 2.0 
Dicalcium phosphate (26% ca, 18% P) 0.3 
Calcium carbonate 0.5 
Trace mineral premix 0.2 
Salt (iodized) 0.5 
Vitamin antibiotic premix8 1.0 
100-0 
Calculated analysis 
Protein, percent 15.5 
Fat, percent 5.0 
Fleer, percent 7.6 
Calcium, percent 0.9 
Phospnorus, percent 0. 6 
Vit. A, I.U. per lb. 7, 885 
Vit. Dg, I.U. per lb. 500 
Riboflavin, mg.per lb. 3.0 
Pantothenic acid, mg. per lb. 8.0 
Niacin, mg. per lb. 20.0 
Choline, mg- per lb. 450.0 
Vit. Big, meg. per lb. added 10.0 
Penicillin, rag. per lb. 10.0 
aContriDuted per lb. ration: Vit. Dg, 500 I.U.; ribo­
flavin, 1.15 mg. ; pantothenic acid, 2.79 mg. ; niacin, 7.00 mg.; 
cnoline, 42.0 mg.; Vit. Big, 10 meg.; penicillin, 10 mg. 
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Table 27. Analysis of variance® plan and observed mean 
squares for litter mean 2 week pig gain (Exp. 
768A) 
Source of variation Degrees of freedom Mean squares 
Total 56 
Treatment 1 7 •3l82b 
Error 55 1 .2349 
aSnedecor, 1953 
^Statistically significant P < .05 
Table 28. Analysis of variance® plan end observed mean 
squares for litter mean 3 week pig gain (Exp. 
766B) 
Source of variation Degrees of freedom Mean squares 
Total 57 
Treatment 1 5 .I053b 
Error 56 2 .5362 
aSnedecor, 1953 
^Statistically significant P <.15 
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Table 29. Composition of control ration for EXD. 782, Exp. 
794 and Exp. 869a 
Ingredients Pounds 
Yellow corn (ground) 40.0 
Oats (ground) 20.0 
Beet pulp (dried and ground) 5.0 
Solvent soybean oil meal ( 50>£ protein) 10.0 
Meat and bone scraps (50% protein) 5.0 
Sweet dried whey 5.0 
Dehydrated alfalfa meal ( 17,% protein) 10.0 
Condensed fish solubles 2.5 
Dicalcium phosphate (CA, 2Q%; P 18%) 0.8 
Salt (iodized) 0.5 
Trace mineral premix (35C-41-CCC Swine) 0.2 
Vitamin antibiotic premixc 1-0 
100.0 
Calculated analysis 
Protein, percent 16.80 
Fat, percent 3 .04 
Ficer, percent 7.33 
Calcium, percent 0.98 
Phospnorus, percent 0.70 
Vit. A, I.iJ. per lb. 7,900 
Vit. Dg, I-U. per lc. 500 
Riboflavin, mg. per lb. 2.5 
Pantothenic acid, mg. per lb. 9.0 
Niacin, mg. per lb. 20.0 
Choline, mg. per lb. 432-5 
Vitamin B12, meg. per lb. 10.0 
Penicillin, mg. per lb. 10.0 
aThis ration (Exp. 869) contained 25 mg. aureomycin per 
lb. rather than penicillin. 
^Contributed per lb. of ration: Fe, 64 mg.; Cu, 4.4 
mg.; Co, 1.42 mg.; Zn, 74.2 mg.; Mn, 51.6 mg.; and K, 6.8 mg. 
cContrlbuted per lb. of ration: Vit. D p ,  500 I.U.; 
riboflavin, 0.6 mg.; pantothenic acid, 3.8 mg.; niacin, 
13 mg.; choline, 30 mg.; Vit. B^g, 10 meg.; penicillin, 
10 mg. 
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Table 30. Analysis of variance3 plan and observed mean 
squares for Exp. 782 
Mean squares 
Source of 
variation 
Degrees 
of 
freedom 
5 week 
litter 
gain 
5 week 
Pig 
gain 
Sow 
wt. change 
3-35 days 
postpartum 
Total 15 
Treatment 3 1,152.74 7.86 724.60 
Thyroprotein 
(0-5 wk.) vs 
2,489.23b other three 1 11.64% 
(T.p. + control 
T.p.) vs (Control 
+ T.P. control) 1 19.80° 
Error 12 973.20 6.00 541.20 
aSnedecor, 1953 
^Statistically significant P <.25 
cStatistically significant P < .10 
Table 31. Analysis of variance9 plan and observed mean 
squares for sow weight changes 0-4 days post 
weaning in Exp. 782 
Source of variation Degrees of freedom Mean squares 
Total 15 
Treatment 1 600.50° 
Error 14 26.82 
aSnedecor, 1953 
^All sows were on two treatments for 4 week prior to 
weaning 
^Statistically significant P < .005 
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Table 32. Analysis of variance and observed mean squares 
for 2 week pig gain and sow nursing weight changes 
in Exp. 794D 
Degrees Mean squares 
of Pig Sow weight 
Source of variation freedom gain changes 
Total 42 
Treatment 3 0 . 6614 192. 35 
T-3 vs control 1 1 . 5890 409. 00 
Non-air conditioned 
vs air conditioned 1 0 .5467 167. 00 
Interaction 1 0 .0003 2. 00 
Error 39 0 .6237 224. 90 
aSnedecor, 1953 
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Table 33. Composition of control ration for Exp. 813 
(Operation T'hyrof ax) 
Ingredients Pounds 
Yellow corn (ground) 42.5 
Oats (ground) 15.0 
Wheat bran 5.0 
Solvent soybean oil meal ( 50# protein) 10,0 
Meat and bone scraps ( 50>6 protein) 5.0 
Sweet dried whey 5.0 
Distillers dried solubles 2.5 
Dehydrated alfalfa meal (17% protein) 10.0 
Condensed fish solubles 2.5 
Dicalcium phosphate 0.4 
Salt (iodized) 0.5 
Trace mineral premix 0.1 
Vitamin antibiotic premix 1 « 5  
100.0 
Calculated analysis 
Protein, percent 17.5 
Fat, percent 3.3 
Fiber, percent 6.8 
Calcium, percent 0.88 
Phosphorus, percent 0.70 
Vit. A, I.U. per lb. 20,000 
Vit. Dg, I.U. per lb. 500 
Riboflavin, mg. per lb. 2.5 
Pantothenic acid, mg. per lb. 8.9 
Niacin, mg. per lb. 19.9 
Choline, mg. per lb. 503 
Vit. Bnp added, meg. per lb. 10 
Penicillin, meg. per lb. 10 
^Contributed per pound of ration: Vit. D2, 500 I.U.; 
Vit. A, 10,000 I.U-; riboflavin, 0.3 mg.; pantothenic acid, 
3.0 mg. ; niacin, 4.0 mg. ; choline, 69 mg. ; Vit. B]_g, 10 meg. ; 
penicillin, 10 mg. 
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Table 54. Analysis of variance8- plan and observed me an 
squares for Exp. 813 
Mean squares 
Source of variation 
Degrees 
of 
freedom 
5 week 
Pig 
gain 
Sow weight 
change 
Total 
Treatment 
Control vs T-3 treatments 
35 
3 
1 
23.6708% 
65.4598% 
714.00% 
1,993.00% 
Error 32 7.0050 32.36 
aSnedecor, 1953 
^Statistically significant P <.05 
Table 35. Analysis of variance3 plan and observed mean 
squares for Exp. 869A 
Mean squares 
Degrees Total Sow Feed 
Source of of pig nursing coneump-
variation freedom gain wt. change tlon 
Total 39 1 .2502 172 .3019 1 .6636 
Treatment 3 2 .4927 255 . 5583 0 .6787 
Thyroprotein for 
all of lactation 
vs control plus 
thyroprotein 0-3 
days postpartum 1 6 .5770% 378 .2250 1 .9360 
Error 36 1 .1466 165 .3639 1 .7457 
aSnedecor, 1953 
^Statistically significant P < .10 
153 
Table 36. Analysis of variance8 plan and observed mean 
squares for Exp. 869B 
Mean souares 
Degrees Total Milk 
of Pig alkaline 
Source of variation freedom gain phosphat ase 
Total 19 "U 
Treatment 1 6.5743° 13.0412 
Error 18 0.8350 44 .5666 
aSnedecor, 1953 
^Statistically significant P<.05. 
Regression coefficient (milk alkaline phosphatase x pig gain) 
b = -2.7457 
Correlation coefficient (milk alkaline phosphatase x pig gain) 
r = -0.3758 
Table 37. Analysis of variance6 plan and observed mean 
squares for the combined data of Exp. 869A and 
Exp. 869B 
Degrees Mean squares 
Source of of Total 2 wk. Farrowing Nursing 
variation freedom pig gain loss loss 
Total 49 
Treatment 1 8. 7722b 12?, .0000 1,786 -001 
Error 48 1. ,0246 67. 4600 21. 20 
aSnedecor, 1953 
^Statistically significant P <.01 
